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PREFACE 


In  presenting  to  the  reader  this  humble  effort  to  detail 
the  essentials  of  his  favourite  study,  the  writer  is  fully 
sensible  of  the  many  shortcomings,  textual  as  well  as 
pictorial,  which  are  necessarily  attendant  upon  such  an 
undertaking.  It  is  extremely  difficult  to  prevent  subjective 
impressions  and  interpretations  from  obtruding  themselves 
here  and  there,  no  matter  how  subsidiary  to  other  weighty 
matters  the  author  has  endeavoured  to  make  them.  The 
personal  equation  is  generally  present  and  apparent  in  all 
work.  The  book  represents  an  earnest  struggle  for  an 
intimate  knowledge  of  the  truth,  clear  and  unprejudiced. 
And  if  the  expressions  of  personal  opinions  seem  to  be 
rendered  too  conspicuous  they  must  be  regarded  on  their 
individual  merits,  and  tested  and  accepted  or  rejected,  as 
the  case  may  be.  The  astute  reader  must  be  the  judge. 
The  fallibility  of  him  who  now  enters  upon  his  task  must  not 
be  forgotten,  and  where  errors  have  been  committed  they 
must  be  condoned.  But  the  honesty  of  the  writer's  purpose 
or  of  his  convictions  must  never  for  one  moment  be 
impugned. 

The  establishment  on  a  scientific  and  logical  basis  of  the 
order,  sequence,  and  internal  composition  of  each  chapter  has 
been  attempted.  The  manner  of  dealing  with  the  variety  of 
pathological  facts  and  histological  data  in  Chapters  XIV., 
XV.,  and  XVI.  has  been  founded  on  two  considerations. 
First,  it  has  been  deemed  advisable  to  place  on  record  an 
mtelligent  enunciation  of  what  is  implied  by  certain  words. 
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Some  writers,  especially  those  of  the  Continent  of  Europe, 
are  apt  to  confuse  ideas,  the  result  being  a  constant  use  of 
some  terms  found  in  ordinary  dental  nomenclature  which 
possess  a  lack  of  uniformity  of  definition,  &c.  Second,  this 
method  of  arrangement  affords  a  convenient,  and,  therefore, 
suitable  "setting"  or  background  for  the  description  of  the 
histological  characteristics  of  teeth  and  allied  organs,  which, 
after  all,  are  intended  to  be  the  most  distinguishing  feature 
of  the  work. 

An  acquaintance  on  the  part  of  the  student  with  the  simple 
elements  of  histology  and  pathology  is  pre-supposed. 
An  extensive  bibliographical  mass,  to  which  references 
are  made  throughout,  has  been  consulted.  In  order  not  to 
burden  the  text  with  too  great  a  number  of  the  writings  of 
many  histologists,  an  attempt  has  been  made  to  place  their 
hypotheses  on  an  eclectic  basis,  namely,  those  which  in  the 
eyes  of  the  author  are  worthy,  some  of  notice  merely,  others 
of  serious  consideration.  Many  fundamental  propositions  are 
not  universally  accepted,  and  some  of  these  are  here  noted  ; 
so  that  the  reader,  interested  in  any  special  branch  of  Dental 
Histology  or  Patho-Histology,  may  receive  hints  and  be 
guided  and  stimulated  in  taking  up  original  research. 

In  this  way,  some  prominence  is  accorded  to  the  recent 
writings  of  Oscar  Romer,  who,  with  others,  denies  the 
existence .y^  of  the  sheaths  of  Neumann.  On  the  other 
hand,  the  work  of  many  is  already  sufficiently  completed,  and 
knowledge  is,  as  far  as  can  be  ascertained,  accurate  enough. 
Thus,  with  no  fear  of  being  prolix,  the  researches  of 
Aitchison  Robertson  on  the  growth  of  dentine  may  be  cited 
extensively.    But  examples  need  not  be  multiplied. 

The  inclusion  of  Part  III.— a  preliminary  histological  ex- 
amination of  many  of  the  commoner  and  some  of  the  rarer 
morbid  affections  of  the  teeth,  gums,  and  osseous  framework  of 
the  mouth— affords  the  reader  an  opportunity  of  comparing  the 
morphological  differences  between  healthy  and  diseased 
conditions  of  the  masticatory  organs.  This  section  of  the 
book  should,  therefore,  be  read  and  studied  in  conjunction 


PREFACE 


xi 


with  Part  I.,  and  deductions  drawn  therefrom.  The  juxta- 
position of  the  two  should  be  of  assistance  to  the  thoughtful 
and  enquiring  student,  and  serve  to  extend  and  widen  the 
area  of  his  mental  horizon. 

The  author  desires  to  express  his  indebtedness  to  the 
published  works  of  Mr.  Charles  Tomes,  and  to  Drs.  G.  V.  Black, 
Miller,  Leon  Williams,  and  Norman  Broomell,  for  the  use  of 
some  of  the  electrotypes  which  have  accompanied  their 
communications  to  The  Dental  Cosmos;  and  also  for  the  same 
to  the  Council  of  the  Odontological  Society  of  Great 
Britain,  and  the  Publishing  Committee  of  the  Journal  of  the 
British  Dental  Association.  In  addition,  he  is  grateful  for  the 
loan  of  valuable  material  and  sections  to  many  personal  friends 
at  home  and  abroad.  Finally,  he  wishes  to  thank  Mr.  Frank 
J.  Butler,  for  his  original  water-colour  drawings;  and  Mr.  J. 
J.  Ellison,  of  the  Dental  Manufacturing  Company,  for  his  un- 
varying courtesy  and  assistance  in  the  production  and 
publication  of  the  book. 

Berkeley  Square,  W. 
October,  1902. 
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PROLEGOMENA 

To  write  a  book  is  to  build  a  house.  When  completed,  the 
chapters  are  the  rooms,  adroitly  planned  and  suitably  fur- 
nished with  pictures  of  interest.  From  the  windows,  the  eye 
surveys  many  well-known  fields  and  oft-trodden  paths  ;  but, 
beyond,  it  is  unable  to  pierce  the  problem  hills  of  uncertainty. 

All  literature  relating  to  the  theme  of  this  thesis  must,  per- 
force, have  its  foundation  stones  laid  on  the  classic  work  of 
Hunter,  Kolliker,  Owen,  Tomes.  It  is  impossible  and  unwise 
to  ignore  this  work.  In  this  manner  the  following  pages  are 
but  comparable  to  a  new  wing  of  the  house  of  Dental 
Anatomy,  which  these  investigators  have  progressively  and 
successfully  raised  ;  and  if,  from  the  windows,  some  instructive 
glimpses  of  the  surrounding  country  can  be  obtained,  and  a 
few  finger-posts  pointing  to  the  unknown,  though  by  no 
means  unknowable,  be  discovered  by  the  eye — aided  not  by 
telescope,  but  by  microscope,— then  the  writer  will  rest 
content. 

That  a  treatise  which  deals  chiefly  with  descriptions  of  the 
minute  anatomy  and  pathology  of  the  teeth  and  associated 
parts  should  be  specially  required  may  be  questioned  by 
some.  Inasmuch,  however,  as  these  tissues,  by  reason  of  their 
unique  constitution,  differ  most  strikingly  from  other 
specialised  organs,  such  as  the  eye,  the  nose,  the  larynx  ;  in- 
asmuch also,  as  general  histological  text-books  treat  somewhat 
sparingly,  and  sometimes  incorrectly,  of  this  subject,  the 
production  of  these  pages  has  seemed  to  the  author  perfectly 
justifiable,  nay  more,  almost  a  necessity  in  these  latter  times 
"  Cm  bono  ?"  was  once  a  frequent  question  ;  but  there  can  be 
only  few  (if  any)  who  would  to-day  care  to  diminish  rather 
than  to  increase  the  range  of  knowledge,  and  limit  the 
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speciality  of  Dental  Surgery  to  mere  mechanical  manipula- 
tions. 

Dr.  Otto  Walkhoff,  Professor  of  Conservative  Dentistry  in 
the  University  of  Munich,  in  an  introduction  to  his  "Normal 
Histology  of  the  Human  Teeth,"  1901,  declares: — 

"  The  special  study  of  the  Histology  of  the  Teeth  is  the 
binding  link  between  practical  dental  surgery  and  general 
surgery.  The  branch  of  learning  which  deals  with  this  sub- 
ject is  of  great  importance  for  the  practical  knowledge  of  the 
prospective  dental  surgeon.  He  learns  not  only  the  minute 
anatomy  of  the  parts,  but  also  the  mutual  relationships  of 
those  parts.  Those  dental  surgeons  who  have  had  experience 
in  making  and  examining  sections  of  teeth  are  able  to  treat 
carious  cavities  with  greater  knowledge,  and  to  appreciate 
and  understanda  ny  complications  that  may  arise,  and  there- 
fore take  more  appropriate  and  more  therapeutic  measures 
than  those  unaccustomed  to  the  science.  With  the  fuller 
education  of  dental  surgeons  in  this  study,  the  production  of 
false  pathological  and  other  statements  will  be  relegated  to 
the  past.  Thus  one  acquainted  with  the  structure  of  the  tissues 
could  never  claim  to  completely  cleanse  and  solidly  fill  the 
root- canals  of  teeth.  A  due  regard  to  the  Histology  of  the 
tissues  of  the  mouth  (as  well  as  its  Bacteriology),  and  the  most 
perfect  execution  of  mechanical  operations  form  the  ground- 
work of  the  conservative  dentistry  of  later  years." 

It  must  also  be  added,  as  has  been  expressed  in  another 
place,  that  the  practice  of  microscopical  work  imparts  to  the 
student  that  delicacy  of  touch  and  nicety  of  adjustment  of 
digital  dexterity  which  is  impossible  of  attainment  by  other 
means  and  methods. 

This  book,  then,  is  published  with  the  avowed  purpose  of 
drawing  the  attention  of  the  reader  to  the  essentials  of  a 
profoundly-fascinating  branch  of  science ;  of  indicating  some 
difficult  and  apparently  irreconcilable  and  irresolvable  histo- 
logical propositions  ;  of  attempting  to  elucidate,  illuminate 
•and  complete  other  recondite  and  unfinished  studies ;  and 
finally,  of  establishing  upon  a  permanent  and  convincing 
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basis   many   accepted  postulates   and    uncontested  facts. 

Dental  Histology,  with  its  collaterals,  is  nearly,  but  not 
quite,  an  inductive  science.  Unfortunately,  it  is  by  no  means 
an  exact  one,  although,  through  the  medium  of  new  methods 
of  research,  there  is  no  reason  why,  during  the  next  half- 
century,  it  should  not  become  so. 

The  science  and  art  peculiar  to  it  are  ot  paramount  import- 
ance alike  to  student,  pathologist  and  surgeon.  In  the  inter- 
pretation of  many  ordinary  and  extraordinary  phenomena 
connected  with  the  genesis  and  evolution  of  the  teeth  ;  in  the 
solution  ot  certain  obscure  physiological  and  anatomical  and 
pathological  problems  ;  in  the  every-day  diagnosis  of  oral 
and  dental  disease  ;  in  short,  in  .the  undoubted  assistance  it 
can  and  does  render  to  the  earnest  worker  in  the  art  of  Detital 
Surgery,  it  may  fairly  be  claimed  for  this  subject  that  to-day 
it  cannot  be  dismissed  without  recognition,  or  without  the 
bestowal  upon  its  varied  aspects  of  such  thoughts  and  labour 
and  research  as  they  deserve.  In  its  scope  and  aims  it  is 
certainly  ancillary  to  no  other  branch  of  learning. 

On  so  slender  a  scaffolding  it  would  seem  somewhat  difficult, 
it  not  well-nigh  impossible,  to  build  up  such  a  large  and 
diversified  collection  of  valuable  and  interesting  data  ;  never- 
theless, a  moment's  reflection  will  soon  assure  the  reader 
that  this  framework  is  extensive  even  in  its  limitations. 

To  attempt  ,  to  recall  and  record  the  History  of  Dental 
Histology  would  form  a  congenial  and  satisfactory  task. 
Mere  mention  of  the  names  of  those  specially  associated 
with  it  must,  however,  here  suffice.  As  for  the  past,  it  is 
pleasant  to  an  Englishman  to  dwell  on  the  works  of  Thomas 
Huxley,  Sir  Richard  Owen,  Salter,  Sir  John  Tomes,  Storer 
Bennett ;  while  as  for  the  present,  the  bibliography  of  British 
dental  science  has  been  enriched  by  the  writings  of  C.  S. 
Tomes,  who  has  patiently  and  laboriously  investigated, 
among  other  subjects,  the  development  of  the  teeth  of  fishes, 
reptiles,  batrachians,  and  marsupial  mammals;  of  Howard 
Mummery,  to  whom  our  knowledge  of  the  development  and 
growth  of  dentine  is  largely  due  ;  of  Milles  and  Underwood, 
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in  their  researches  on  dental  caries  ;  of  Leon  Williams,  the 
able  and  skilful  exponent  of  the  structure  and  pathology  of 
human  enamel ;  of  Paul,  who  has  successfully  demonstrated 
the  minute  anatomy  of  Nasmyth's  membrane;  of  J.  G. 
Turner,  who  has  identified  himself  with  the  etiology  and 
pathology  of  dental  cysts ;  and  of  Kenneth  Goadby,  the 
prolific  contributor  to  current  literature  of  a  mass  of  informa- 
tion on  dental  and  oral  mycetology,  &c.  In  America,  the 
list  of  names  must  be  headed  by  those  of  Andrews,  Black, 
Norman  Broomell,  &c.;  and  on  the  Continent  of  Europe  by 
those  of  Arkovy,  von  Ebner,  Galippe,  Grevers,  Kolliker, 
Legros,  Magitot,  Miller,  Retzius,  Rose,  Vignal,  Walkhoff, 
Wed],  Weil,  Zsigmond}^,  &c. 

Rising  out  of  a  review  of  this  subject  come  many  thoughts, 
and  chief  among  them  are  the  remarkable  scantiness  of 
actual  and  reliable  information  concerning  many  things. 
Thus,  with  regard  to  the  normal  minute  anatomy  of  the  hard 
tissues,  no  answers  have  been  returned  to  the  questions, 
"  How  is  enamel  fixed  so  intimately  to  the  periphery  of  the 
dentine?"  "Whence  comes  its  pigmentation?"  "What 
is  the  manner  of  development  of  the  branches  of  the  dentinal 
tubes  ?"  As  to  the  pulp  and  alveolo-dental  periosteum,  some 
knowledge  is  available  of  the  nerve  endings  in  the  first, 
while  the  histology  of  the  latter  still  remains,  as  far  as  its 
nervous  system  is  concerned,  a  terra  incognita. 

Turning  to  the  realm  of  Pathology  in  general,  and  erosion 
of  the  teeth  in  particular,  the  causes  of  the  occurrence  of 
occlusion  of  the  tubes  requires  further  consideration,  as  do 
also  the  presence  and  sensitiveness  or  non-sensitiveness  of 
the  inter-globular  spaces  in  hypoplasic  teeth  and  ovarian 
cystic  teeth,  the  changes  in  the  dentinal  tubes  producing  the 
"  pipe-stem  "  appearance  of  caries,  and  their  invisibility  in 
senile  affections.  Tempting  fields  for  research  are  all  these 
and  many  others.  The  exigencies  of  this  chapter  disallow 
more  than  the  brief  consideration  of  one  subject  for  discussion 
—  viz.,  the  pigmentation  of  enamel. 

Thick  sections  of  this  tissue  examined  macroscopically 
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before  finally  grinding,  polishing  and  mounting  always 
appear  stained  a  more  or  less  deep  brown  colour.  This  is 
different  from  and  other  than  that  of  the  brown  stri^  of 
Retzius.  The  thinnest  sections  ultimately  reveal  apparently 
but  little,  if  any,  pigmentation.  Is  this  colouring,  then,  due 
to  mere  optical  effects  ?  In  the  opinion  of  the  writer,  No. 
Because,  examples  of  the  natural  staining  of  epithelial  tissues 
constantly  occur— as  in  the  case  of  the  epidermis  of  the  negro, 
where  granules  of  melanin  are  found  in  the  rete  Malpighii  of 
the  epithelial  layer  of  cells.  Other  analogies  may  be  cited 
also— the  pigment  corpuscles  in  the  ramified  nerve  cells 
in  the  anterior  cornua  of  the  spinal  cord  of  man,  and  the 
pigment  bodies  in  the  cortical  substance  of  the  hairs  of  man. 

Again,  the  normal  pigmentation  of  the  enamel  is  a 
prominent  feature  of  the  teeth  of  many  rodents.  This  also 
disappears  on  grinding  very  thin  ;  and  it  is  impossible  to  say 
whether  it  is  resident  in  the  enamel  rods,  or  in  the  cementing 
substance,  or  in  both.  The  tissue  is  unequally  pigmented  ; 
if  it  was  due  to  the  chromatic  aberrations  of  light  it  would 
most  likely  be  uniform.  Finally,  in  the  case  of  pathological 
or  congenital  pigmentation  of  the  cementum  and  dentine, 
the  colour,  though  pronounced  in  thick  sections  or  even 
before  these  have  been  made,  has  vanished  when  the  thinnest 
are  examined.  The  inference  would  be  that  this  may  also 
hold  good  with  regard  to  enamel. 

It  would  seem  that  the  dental  histologist  of  the  future 
must  more  closely  combine  microscopical  technics  with  a 
profounder  knowledge  of  anatomy  and  physiology. 

Of  the  utmost  importance  to  such  an  one  are  three  great 
principles,— the  selection  of  material,  the  preparation  of  that 
material  for  experimental  and  histological  research,  and 
the  correct  interpretation  of  results. 

First,  the  selection  of  material  which  is  about  to  form  the 
basis  of  investigation  must  not  only  be  confined  to  perfectly 
Iresh  tissues,  but  as  far  as  it  is  possible  to  determine  to  tissues 
absolutely  unaffected  by  morbid  conditions.  This  may  be 
exemplified  by  the  study,  say,  of  the  histogenesis  of  the 
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teeth  in  normal  well-developed  embryos  and  fa5tuses  as  com- 
pared with  the  different  stages  and  rates  of  growth  in 
rachitic  individuals  of  a  corresponding  age.  Contrasting  the 
appearance  of  the  two  conditions  may  throw  useful  light  on 
both ;  but  conclusions  drawn  from  examination  of  diseased 
tissues  erroneously  believed  to  be  healthy,  can  only  give  rise 
to  false  deductions  and  misleading  statements.  Loose  plans 
of  procedure  unfortunately  militate  strongly  against  that 
advancement  of  the  science  which  is  so  earnestly  desired. 

Further,  the  preparation  of  the  tissues  is  all  important. 
The  quotation  of  one  single  instance,  in  itself  sufftciently 
striking,  will  be  enough.  The  discovery  of  the  real  nature 
and  characteristics  of  Nasmyth's  membrane  has  followed 
the  employment  of  proper  methods  of  preparation. 

Thirdly,  tissues  having  been  properly  selected  and  pre- 
pared, suitably  stained  and  carefully  mounted— the  risk  of 
shrinkage  or  swelling  having  been  reduced  to  a  minimum- 
must  be  scrutinizingly  examined  and  carefully  and  critically 
interpreted.  It  was  undoubtedly  the  precipitation  of  amor- 
phous silver  chromate  salts  (as  in  Golgi's  method  of  stain- 
ing) or  methylene-blue  granules  which  lead  Morgenstern 
and  R5mer  to  erroneously  affirm  the  presence  of  non- 
meduUated  nerve  fibres  in  the  dentinal  tubules  and  enamel. 
Check  experiments  must  be  conscientiously  followed,  and 
check  stainings  and  methods  of  preparation  adopted. 

In  conclusion,  the  original  worker  must  be  assisted  in  his 
accurate  explanations  of  the  meanings  of  the  structures  ot 
cells  and  organs  by  keeping  himself  quite  en  rapport  with 
the  latest  teachings  of  physiology  and  pathology.  He  will 
be  most  helped  by  devoting  his  attention  to  a  preliminary 
thorough  study  of  the  knowledge  we  possess  of  the  differen- 
tiated functions  of  cells  ;  of  the  general  principles  that  under- 
lie and  govern  the  physiological  methods  of  tissue  formation  ; 
of  the  metabolism  of  the  cells  forming  the  component  parts 
of  that  tissue  ;  and  of  the  effects  of  pathological  influences 
on  the  life-histories  of  the  cells  and  other  essential  elements 
of  the  organs  with  which  he  has  to  deal. 


CHAPTER  II 


NA SMYTHS  MEMBRANE 
Microscopical  Elements  :  (i)  Cellular  layer ;  (ii)  Translucent  pellicle 

GENERAL  CHARACTERISTICS 

Definition. — A  macroscopically-invisible  cellule-laminar  film 
situated  on  the  free  surface  of  the  adult  enamel  of  man  and 
certain  animals. 

Origin —T\v\%  tissue,  which  has  recently  been  studied  afresh 
microscopically,  is  now  known  to  have  its  origin  as  an 
epiblastic  formation  of  the  epithelial  cells  of  the  enamel 
organ. 

It  is  most  probable  that  the  cellular  layer  is  derived  from 
the  external  epithelium,  and  the  pellicle  or  innermost  layer 
from  the  spent  cells  of  the  internal  epithelium,  which  have 
previously  undergone  a  keratinous  or  somewhat  analogous 
change. 

With  regard  to  its  origin,  R.  R.  Andrews  ("The  American 
Text-book  of  Operative  Dentistry,"  p.  92,  1901),  says  that  his 
investigatio-ns  lead  him  to  believe  that  the  internal  epithelium 
of  the  enamel-organ  (ameloblasts)  composes  the  cells  in  the 
membrane.  These  "  having  performed  their  function,  have 
filled  with  calcoglobulin  and  have  partially  calcified,  becom- 
ing somewhat  like  that  tissue  which  we  find  on  the  borderland 
of  calcification."  That  this  is  an  entirely  incorrect  view  is 
obvious  when  Paul's  and  the  writer's  sections  are  examined. 

Distrihition. — Situated  externally  on  the  cortical  aspect  of 
the  unworn  enamel  of  man,  monkey  and  sheep,  is  found 
under  suitable  conditions  Nasmyth's  membrane.  It  is  a 
thin  continuous  tissue  spread  flat  over  the  enamel,  dipping 
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into  the  naturally-formed  pits  and  fissures  on  the  surface,  and 
limited  in  extent  by  the  cervical  portion  of  the  tooth,  to'  the 
edges  of  which  it  is  attached.  Sjmnym.-The  enamel'cuticle. 
It  has  also  been  incorrectly  termed  "persistent  dental 
capsule." 

Bodecker '  considers  that  it  is  in  direct  union  with  the  outer- 
most epithelial  layer  of  the  gum,  being  therefore  the  only 
layer  which  closes  up  the  space  between  the  neck  of  the 
tooth  and  the  adjacent  gum. 

E 


c 

Fig.  I. — Nasmyth's   membrane  attached    to  the  cementum.  Prepared 
by  decalcification  of  a  ground  section.      IMagnified   40  times.  P. 
The  membrane  ;   E.  Enamel ;   D.  Dentine  ;   C.  Cementum. 

In  a  well-developed  adult  premolar  its  measurements  are 
29  mm.  in  its  widest  part,  ig  mm.  in  the  narrowest,  and  26  mm. 
round  the  cervical  region  of  the  tooth.  All  teeth  possess  the 
membrane  in  a  more  or  less  complete  condition.  Even  senile 
teeth  when  treated  with  a  decalcifying  solution  to  remove 
the  enamel  have  traces  of  it,  but  it  is  best  observed  in  those 
teeth  which,  while  still  unerupted  (premolars,  for  instance), 
have  been  removed  for  the  treatment  of  irregularities,  because 

1  "  Anatomy  and  Pathology  of  the  Teeth,"  p.  43,  1804. 


nasmyth's  membrane 


in  this  case  the  cellular  layer  is  undamaged,  though  it  may 
be  injured  during  the  act  of  extraction.  Portions  of  the 
cellular  layer  may  remain  attached  to  the  inner  aspect  of  the 
dental  s^c,  which  as  a  rule  also  comes  away  with  the  tooth. 
According  to  Kolliker  it  measures  in  thickness  from 
i/x  to  2/i.  This  is  probably  erroneous,  a  measure- 
ment of  50/-^  being  likely  to  be  more  accurate.  Easily 
detached  by  the  actioR  Qf  strong  acids,  it  is  only  when  Paul's 
method  of  preparing  specimens  is  adopted  that  its  real 
normal  structure  is  ascertained. 

HISTOLOGY 

Nasmyth's  membrane  consists  of  two  parts  (i)  an  outer 
cellular  portion,  and  (ii)  an  inner  structureless  translucent 
lamina  or  pellicle.  These  are  both  intimately  adherent,  not 
only  to  each  other,  but  also  to  the  free  ends  of  the  underlying 
enamel  columns. 

(i)  The  Cells 

The  cellular  portion  is  interesting,  inasmuch  as  its  struc- 
ture is  made  up  of  a  layer  or  layers  of  large  polygonal 
flattened  epithelial  cells,  with  pronounced  nuclei.  "The 
epithelial  cells,"  writes  Bodecker  [0p.cit.-p.q2),  "in  transverse 
section,  have  the  appearance  of  shallow  spindles.  Not 
infrequently  there  occurs  also  a  stratified  epithelium  on  the 
surface  of  the  tooth.  The  enamel-fibres  are  in  connection  with 
these  epithelial  bodies  which,  if  detached,  show  delicate 
offshoots  adhering  in  regular  intervals — the  broken  enamel 
fibres.  Sometimes  the  surface  of  the  enamel  is  coated  by  a 
thin  uniform  layer  of  protoplasm  with  regularly  scattered 
nuclei.  In  such  an  instance  single  epithelia  are  not  trace- 
able, though  scarcely  any  doubt  can  arise  about  the  epithelial 
nature  of  this  layer." 

It  is  quite  possible  and  most  probable  that  the  cells  are 
more  than  one  layer  in  depth.  Preparations  when  correctly 
stained  exhibit  such  a  dense  pattern  of  cells  that  this  belief 
in  the  multiplicity  of  layers  is  probably  well  founded.      It  is 
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doubtful,  however,  if  more  than  three  layers  ever  exist. 
Ihe  double  or  treble  layers  are  not  observed  all  over 
the   surface    of   the    pellicle,   but    only   in    those  situa- 


Fig.  2. — A  piece  of  tlie  thinnest  portion  of  Nasmyth's  membrane  flattened 
out,  and  photographed  from  above.  Its  elastic  natiiie  made  it  impossible 
to  critically  focus  it  in  all  parts.    Prepared  by  I'aul's  method.  IVfagni- 
lied  200  times,    c.  Nuclei  of  the  cells  ;    i\  Translucent  Pellicle. 

tions  where  the  membrane  dips  down  deeply  into  the 
pits  or  crevices  of  the  enamel ;  and  here  too  the  pellicle  itself  is 
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apparently  thicker  than  elsewhere.  The  protoplasm  of  the 
cells  is  faintly  granular.  Under  high  powers,  the  spongio- 
plasm  and  hyaloplasm  may  be  clearly  defined/ 

Paul  -■  attributes  to  the  cells  an  average  diameter  of  12/^-  and 
a  length  of  2 Cells  having  "cogged"  outlines— spiny- 
cells— are  seen  constantly  ((^.  Fig.  160):  and  in  places  the 
polygonal  cells  are  flattened,  probably  by  mutual  pressure,  in 
one  or  more  lateral  directions,  and  may  thus  assume  a  cubical 
or  even  cylindrical  shape.  The  nuclei  are  particularly  large 
compared  to  the  size  of  each  cell,  are  ovoid  in  shape  or  nearly 
round  in  outline,  and  possess  faint  nucleoli.  These  are 
usually  single,  and  often  contain  in  their  interiors,  as  well  as 
near  their  exteriors,  one  or  more  vacuole-like,  bright,  shining 
globules. 

(ii)  The  Pellicle 

The  inner  or  subepithelial  layer  is  a  delicate  continuous 
membrane,  apparently  without  histological  structure  of  any 
kind.  It  is  translucent,  elastic  and  cornified,  and  resists  the 
action  oi' acids  in  a  similar  way  to  the  sheaths  of  Neumann 
or  the  linings  of  Haversian  canals.  On  its  under  surface,  i.e., 
the  part  nearest  enamel,  a  reticulated  pattern  can  be  fairly 
easily  demonstrated.  This  corresponds  to  and  is  probably 
produced  by  the  free  ends  of  the  enamel  prisms,  which  haVe 
left  their  hexagonal  impressions  on  the  membrane.  It  is  to 
be  noted  that  the  hexagons  of  the  pattern  have  sharp,  clear 
margins  made  up  of  straight  outlines,  correspond  in  size  to 
the  diameter  of  the  enamel  prisms,  and  in  no  way  approxi- 
mate the  size  of  the  epithelial  cells,  being  "  at  least  ten  times 
too  large  for  the  enamel  prisms."  (Paul.) 

In  sections  of  Nasmyth's  membrane  which  have  been, 
obtained  in  sittt  it  has  been  possible  to  find  in  the  deep 
enamel-pits   lacunae    similar  to  those   of  osseous  tissue, 

^  The  "  spongiopla.sm,"  according  to  Scliafer,  is  a  reticulum  or  network  of  proto- 
plasm in  the  cell  substance  ;  and  "  hyaloplasm  "  is  the  name  applied  to  the  materia 
which  occupies  or  fills  its  meshes. 

'■'  "  Nasmyth's  Membrane.'     The  Dental  Record,  1894. 
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surrounded  by  a  capsule,  and  apparently  associated  very 
closely  with  the  translucent  layer  of  the  membrane.  Tomes' 
has  repeatedly  seen  this  condition.  How  these  encapsuled 
cells  get  into  the  pits  or  fissures  is  not  quite  clear.  There  is 
an  occasional  appearance  noticed  in  teased  or  spread-out 


Fig.  3. — A  thicker  portion  ofNasmytb's  membrane  tlian  in  Fig.  2.  Magni- 
fied 200  times.    A,  Hexagonal  impressions  of  the  enamel  rods. 

pieces  of  the  membrane  of  the  cells  being  arranged  con- 
centrically round  certain  tiny  spaces,  and  it  may  be  that  these 
represent  in  some  way  the  spots  where  encapsuled  lacunse  may 
be  deposited.  A  lacuna  may  perhaps  represent  a  persistent 
retained  and  imprisoned  cell  of  the  stratum  intermedium  of 


1  "A  Manual  of  Dental  Auatoniy,"  p,  loi),  i8<;8. 
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the  enamel  organ  where,  owing  to  the  formation  of  the  cusps 
of  the  teeth,  an  involution  of  this  layer  of  cells  has  taken 
place  ;  or  it  may  represent  an  aberrant  osteoblast  which 
has  likewise  remained  unatrophied  or  unabsorbed. 

Fresh  research  on  this  matter  is  needed  before  a  dogmatic 
opinion  can  be  expressed. 


Fig.  4.— Euamel  of  a  tooth,  with  Nasmyth's  membrane  on  the  free  surface, 
removed  from  an  oophoronic  dermoid  cyst.  Ground  thin  and  then  de- 
calcified. Unstained.  Magnified  250  limes.  M.  Nasmyth's  membrane. 

From  the  enamel  of  recent  teeth  removed  from  ovarian 
dermoid  cysts,  the  pellicle  can  be  isolated  by  careful  decal- 
cification. 

It  is  now  perfectly  established  that  Nasmyth's  membrane 
can  be  regarded  with  certainty  as  an  epithelial  remnant  of 
the  enamel  organ,  and  thus  the  theories  of  Waldeyer,  Rose, 
and  others  are  to  be  considered  correct. 


CHAPTER  III 


THE  ENAMEL 

Microscopical  Elements  :  (i)  Enamel  rods  and  interprismatic  sub- 
stance ;  (ii)  Curvatures  of  rods  ;  (iii)  Supplemental  columns  ;  (iv)  Brown 
Strias  of  Retzius  ;  (v)  Lines  of  Schreger  ;  (vi)  Enamel  "  Spindles." 

GENERAL  CHARACTERISTICS 

Definition.— Th.Q  smooth,  hard,  glistening  inorganic  sub- 
stance which  partially  or  wholly  envelopes  the  crowns  or 
visible  portions  of  the  calcified  teeth  oit\ie  Pisces,  Rep tilia,  and 
Mammalia  classes  of  the  vertebrata; 

Origin.— It  is  the  final  product  of  the  layer  of  cells— the 
ameloblasts — which  constitute  the  internal  epithelium  of  the 
enamel  organ.  It  is  yet  undecided  whether  enamel  is  a 
secretion  or  conversion  of  these  cells,  but  the  balance  of 
opinion  would  seem  to  be  in  favour  of  the  latter. 

Distribittio7i. — Existing  as  (i)  a  tiny  point  or  tip,  as  in  the 
teeth  of  some  members  of  the  class  Pisces,  e.g.,  the  order 
Anacanthini  —  Merlucius  vulgaris  (the  hae),  the  order 
Physostomi,  family  Muraenidae — Anguilla  acutirostris  (the 
eel) ;  or  (ii)  a  partial  investment  of  the  cutting  edges  of  teeth, 
such  as  those  of  the  incisors  of  Rodentia,  the  lower  canines  ot 
some  Bunodonts,  &c.  ;  or  (iii)  longitudinal  bands,  as  in  the 
upper  canines  (tusks)  of  the  wild  boar  ;  or  (iv)  an  entire  cap 
of  varying  thickness,  which  covers  over  the  normally-erupted 
parts  of  the  teeth  of  mammalia  generally, — except  of  the 
sub-order  Artiodactyla,  where  a  thick  coating  of  cementum  is 
developed  in  this  situation, — enamel  is  the  hardest  tissue  of 
the  teeth  or  any  of  the  organs  of  man  and  animals.' 

1  In  the  lower  incisors  of  the  Chiromydce  (e.g.,  the  A)e  Aye)  enamel  foims  by  far 
the  greater  portion  of  the  teeth,  exceeding  iu  amount  both  dentine  and  cenienluin. 
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In  man  it  intervenes  between  the  translucent  pellicle  of 
Nasmyth's  membrane,  placed  externally,  and  the  periphery 
of  the  dentine  which  goes  to  make  up  the  greatest  part  of  the 
tooth  substance  internally.  Nasmyth's  membrane  is  invisible 
macroscopically  ;  at  least  it  is  unrecognisable,  and,  therefore, 
as  this  film  becomes  abraded  the  enamel  becomes  the  most 
external  of  the  dental  tissues. 

In  the  Artiodactyla  it  occupies  a  position  (Fig.  5)  between 
the  cementum  and  the  dentine. 

E 
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Fig.  5. — Vertical  section  of  a  molar  of  a  young  horse.    Section  ground 
thin.    Unstained.     Magnilied  45  times.     E.  Enamel;  D.  Dentine; 

c,  Cementum. 

In  sagittal  (vertical  labio-lingual)  sections  of  the  well- 
developed  incisor  teeth  of  man,  unworn  by  attrition,  it 
measures  at  the  incisive  edge  about  2  mm.  in  depth  ;  and 
then,  as  it  gradually  approaches  the  cervical  margin,  it 
becomes  thinned  down  to  zero.  Over  the  cusps  of  premolars 
it  is  2*3  mm.,  and  over  the  cusps  of  molars  it  is  2'6  mm.  in 
thickness. 

The  enamel  of  the  deciduous  teeth  may  be  half  the  thick-, 
ness  of  that  of  the  permanent  series. 
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At'the  gingival'edge  it  may  or  may  not  slightly  overlap  the 
thin  structureless  border  of  cementum.  Monsieur  Jules 
Choquet,  who  investigated  {1899)  the  question  of  the  anatomi- 
cal relationships  of  the  two  tissues,  in  an  interesting  brochure 


Fig.  fa. 


Fig.  8. 


Fig.  9. 


Figs   6    -    8   and  9  adapted  from  photomicrographs  by  Jules  Choquet, 
and  published  by  X'0^«i<<>%Jc,  1899.    Semi-diagrammatic.  Human. 
K.  Enamel;  c.  Cementum;  n.  Dentme. 


entitled  "Note  sur  les  rapports  anatomiques  existant  chez 
I'homme  entre  I'email  et  le  cement,"  has  succeeded  in  throw- 
ing light  on  this  subject.  He  examined  and  reported  on 
twenty-nine  human  teeth  ;  and  found  that  the  enamel  covered 
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the  edge  of  cemen'tum  eight  times  (Fig.  6),  while  the  cementum 
overlapped  the  enamel  seven  times  (Fig.  7).  This  author  also 
reports  that,  in  the  majority  of  cases, the  enamel  and  cementum 
meet  each  other,  and  there  is  no  overlapping  (Fig.  8).  Out  of 
his  twenty-nine  sections  this  occurred  nineteen  times.  Thus 
the  rule  would  be  that  the  two  tissues  are  in  absolute  contact, 
and  both  lie  in  the  same  plane  without  any  involution  what- 
soever. Ghoquet  further  found  that  in  27*5  per  cent,  of  the 
cases  he  examined,-  there  was  a  breach  of  continuity  of  these 
two  structures,  leaving  a  minute  portion  of  the  dentine  fully 
exposed  (Fig.  g).-    His  sections   were   cut  longitudinally. 
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Fig.  10.— Vertical  section  of  a  Human  tooth,  from  a  photomicrograph 
Semi-diagrammatic.    k.  Enamel;  D.  Dentine;  c.  Cementum. 

and  some  were  studied  on  both  their  aspects,  whilst  others 
only  on.  one.  '  "  Cette  difference  tient  a  ce  que  dans  certains 
cas  il  y  avait  eu  fracture  de  I'email  d'un  des  bords  pendant 
I'usure  de  la  coupe."  There  was  often  a  diversitv  of  method 
of  ending  of  the  tissues  :  thus,  one  section  would  have  on  its 
labial  aspect  the  enamel  overlapping  the  cementum,  and  on 
Its  hngual  surface,  the  former  internal  to  the  latter.  The 
teeth  were  representative  specimens  from  young,  old,  and 
gouty  subjects. 

On  rare  occasions,  as  in  Fig.  10,  from  a  section  in  the 
possession  of  Sydney  Spokes,  the  margin  of  cementum  may 
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extend  in  a  remarkable  way,  some  considerable  distance 
over  the  edge  of  enamel.  From  the  structure  of  the  tissue 
consisting  as  it  did  of  matrix  containing  many  large 
lacunee  and  incremental  lines,  it  is  important  to  point  out 
the  fact  that  the  cementum  was  in  no  sense  normal.  The 
tooth,  a  mandibular  third  molar,  was  slowly  erupting  in  an 
irregular  manner. 

Macroscopical  A ppcarances.—^Mx'iKCQ  smooth,  shiny,  some- 
times traversed  by  tiny  vertical  or  horizontal  depressions, 
occasionally  scrobiculated  and  normally  deeply  fissured  in 
premolars  and  molars,  and  pure  white  in  colour.  When 
fractured,  pure  white,  non-lustrous. 


HISTOLOGY 

On  microscopical  examination  Human  enamel  reveals  many 
interesting  structures.  These  may  be  described  in  the  order 
of  their  importance  as  :  (i)  The  striated  columns  and  calcified 
matrix  ;  (ii)  The  curvatures  or  courses  of  the  rods ;  (iii) 
'*  Supplemental  "  prisms  ;  (iv)  The  brown  striae  of  Retzius  ; 
(v)  The  lines  of  Schreger ;  and,  (vi)  Certain  spaces  or 
"enamel  spindles." 

(i)  Enamel  Rods  (Man) 

Enamel  is  built  up  of  minute  solid  prisms,  or  columns 
or  rods,  more  or  less  hexagonal  or  pentagonal  in  shape, 
all  united  by  a  matrix  or  interprismatic  cementing 
material  of  somewhat  different  refractive  index.  It  is 
probable  that  the  real  shape  of  the  columns  is  that  of  a 
solid  cylinder.  If  an  ameloblast  could  undergo  complete 
segregation  and  continue  its  functional  activity  a  rounded 
rod  would,  no  doubt,  result.  The  hexagons  are  most  likely 
produced  by  the  lateral  pressure  of  lengths  of  contiguous 
rods,  in  much  the  same  way  as  obtains  in  the  six-sided  cells 
of  the  bee's  honey-comb.  (See  Fig.  14-)  The  matrix  is  not  a 
connective  tissue  ground  substance  ;  but  merely  a  more  or  less 
perfectly  calcified  cementing  substance. 


THE  p:.\AAIEr. 


21 


•  When  isolated  by  means  of  the  careful  application  of  dilute 
acid  solutions,  the  prisms  have  their  cementing  substance 
dissolved,  and  can  then  be  examined  critically  (Fig.  14), 


ig.  ii.-Sag.ttal  section  of  the  incisive  edge  of  a  Human  incisor  tooth 
Ground  thin.    Unstained.    Magnified  45  times.    Shews  the  oeneral 
pigmented  apjK'arance  of  the  enamel,    k.  Enamel  ;  D.  Dentine 


They  are  absolutely  solid  in  the  adult  or  mature  state  ie 
when  fully  completed,  rather  flexuous  or  curved  in  contour' 
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and  measure  -005  mm.  (5/.)  in  diameter.  Kolliker  in  "A 
Manual  of  Human  Microscopic  Anatomy,"  i860,  gives  their 
breadth  as  6-4/.  to  5-1/..    Their  length  may  attain  to  2 


mm. 


Fig.  12. — Sagittal  section  of  the  incisive  edge  of  a  Human  canine  tootli. 
Ground  thin.    Unstained.    Magnified  45  times.    K.  Enamel ;  i).  IJentine. 

The  outlines  of  the  prisms,  in  addition  to  being  curved,  are 
beaded,  or  very  slightly  varicose.     Their  long  axes  are, 
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Fig.  14. — Enamel  rods,  as  seen  in  transverse  section.  Decalcified  and  teased  out. 

Magnified  500  times. 
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speaking  broadly,  placed  at  right  angles  to  the  surface  of  the 
tooth.  Their  inner  extremities  are  inserted  securely  in  tiny 
hexagonal  depressions  on  the  surface  of  the  dentine:  while 
their  outer  ends  are  free,  and  crop  out  of  the  periphery  of  the 
enamel  itself,  thus  giving  rise  to  faint  markings  on  its  cortical 
outer  aspect,  and  probably  affording  close  attachment  to  the 
pellicle  of  the  enamel  cuticle,  to  the  hexagonal  impressions 
of  which  they  are  ultimately  and  intimately  fixed.  (See  Fig.  3). 

At  regular  linear  intervals,  and  at  distances  varying 
from  5/^  to  3-5/^,  the  enamel  rods  are  crossed  by  distinct 


Fig-  15- — Transverse  section  of  enamel  rods,  magnified  2,000  times. 
Pliotomicrograph  by  Leon  Williams. 

shadings  called  transverse  striae  or  varicosities,  which- closely 
resemble  the  stripes  of  striated  voluntary  muscle  fibres  (Figs. 
17  and  23).  These  striae  are  only  seen  in  longitudinal  or 
oblique  sections  of  the  prisms,  and  are  ordinaril)''  very  faint. 
They  are  rendered  more  apparent  by  the  action  of  dilute 
hydrochloric  acid,  and  occasionally  when  a  4  per  cent,  solution 
of  chromic  acid  has  been  used.  The  markings  are  more 
clearly  and  easily  seen  in  the  outer  portions  of  the  enamel, 
and  may  be  remarkably  demonstrated  in  very  pigmented 
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or  degenerated  conditions  Of  the  hard  tissues  :  they  may  be 
very  indistinct,  or  even  absent,  in  the  region  of  the  enamel 

near  the  dentine.  ,  ,  f 

According  to  Bodecker  the  enamel  is  traversed  by  fibres  ot 
living  matter  located  in  the  interstices  between  the  enamel 
rods  The  fibres  are  connected  with  one  another  by  delicate 
fibriUffi,  piercing  the  enamel  rods  in  a  vertical  direction. 


Fig.  16. — Section  of  enamel  from  Human  tooth.     Magnified  2,000  times. 
Dark  ground  illumination.     Focussed  in  tbe  middle  of  the  section  to 
show  tlie  granular  calcified  plasm-strings.     The  transparency  of  the 
cement-substance  between  the  enamel  rods  is  perfectly  demonstrated 
in  this  illustration.    Photomicrograph  by  Leon  Williams. 

Besides  these  rectangular  unions,  the  basis-substance  con- 
tains a  minute  network  of  living  material  which  pervades  it 
throughout  its  whole  extent.  The  enamel  fibres  send  conical 
thorns  toward  the  enamel  rods,  and  such  thorns  are  visible 
in  all  interstices  between  the  enamel  rods. 
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The  enamel  fibres  are  continuous  on  the  outer  surface  with 
the  covering  layer  of  flat  epithelium,  and  on  the  inner  surface 
with  the  dentinal  fibres.  The  connection  with  the  latter  is 
either  direct  or  indirect  through  a  network  of  living  matter,  or 
through  intervening  protoplasmic  bodies  in  the  interzonal 
layer  (Fig.  19). 


Fia  17  -Section  of  enamel  from  Human  tootb.     Magnified  35°  -.limes 
Section  prepared  by  Howard  Mummery.    The  transverse  markmgs  of 
fhe  e,3-rods  are  very  pronounced.    The  enamel-rods  are  everywhere 
en  to   e  united  by  piojecting  processes.    Photomicrograph  by  Leon 


WilHams. 


And  also  Abbott  (of.  cit.  p.  95)  has  further  given  a  draw- 
ing showing  the  enamel-rods,  the  light  reticulum  w.thm 
,hem,  the  intervening  fibres,  and  the  lateral  off-shoots  of 
the  fibres 

The  researches  of  Tomes,  Leon  Williams,  and  others,  have, 
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however,  demonstrated  the  fallacy  of  such  statements,  and  it 
must  surely  be  an  unpardonable  hyperbole  to  affirm  the 
existence  of  a  chain  of  living  material  passing  from  the  peri- 
phery of  a  tooth  to  its  sentient  pulp.  The  experiments  of 
Tomes  and  Black  have  conclusively  and  for  ever  proved 
the  inorganic  nature  of  enamel. 

Nearly  every  section  of  normal  as  well  as  pathological 
enamel,  whether  ground  and  mounted  in  balsam  or  glyce- 
rine, whether  stained  or  unstained,  whether  decalci- 
fied slightly  with  weak  acid,  like  one  per  cent,  citric 
acid,  or  prepared  under  conditions   resembling  Nature  as 


Fig.  18. — Transverse  section  of  enamel,  after  Bodecker.     Magnified  2,000 
times.    E.R.  Rods  of  enamel,  partly  exhibiting  formations  like  nuclei ; 
the  light  interstices  between  the  rods  traversed  by  delicate  beaded  fibres 
E.F.,  or  by  vertical  thorns. 
Fig.  19. — Longitudinal  section  of  enamel  and  dentine,  alter  Bodecker. 
'      Magnified  1,200  times.     e.r.  Enamel  rod;  E.F.  Enamel  fibre;  u. 
Dentine  ;  U.F.  Dentine  fibres  ;  P.  Soft  protoplasmic  formations  at  the 
boundary  between  both  tissues. 

closely  as  possible,  reveals  a  certain  degree  of  pigmentation. 
If,  however,  treated  with  Golgi's  rapid  silver  chromate 
method,  this  coloration  in  normal  ground  sections  is  intensi- 
fied, as  a  reference  to  Figs.  20,  28  and  29  will  shew. 

The  enamel  of  ovarian  teeth,  deciduous  teeth,  and  nodules 
found  on  the  necks  or  roots  of  teeth,  exhibits  also  this  pig- 
mentation. 
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Of  all  investigators  in  the  difficult  subject  of  enamel  his- 
tology, the  name  of  Leon  Williams  will  ever  stand  out  pre- 
eminently. His  magnificent  work  on  the  minute  anatomy 
as  well  as  the  pathology  of  this  tissue  is  well  known,  and  he 
has  contributed  probably  by  far  the  greatest  amount  of  know- 
ledge on  the  matter. 

According  to  this  author^  enamel  rods  are  constructed  by 
the  successive  deposition  of  certain  "bodies"  formed  in  the 
enamel  cells,  a  deposition  which  goes  on  with  the  utmost  order 


Fig.  20.— Vertical  section  of  normal  enamel  treated  by  Golgi's  rapid  process. 

Magnitied  45. times. 

and  regularity.  The  rods  possess  a  more  or  less  definite 
organisation.  These  "bodies"  are  beads  of  granular  material, 
which,  under  high  magnification,  are  joined  together  by  calci- 
fied plasmic  strings  and  processes.  (Figs.  16  and  21).  They 
lie  exactly  opposite  each  other,  and  the  granular  strings  are 
larger  and  more  clearly  defined  on  the  extreme  margms 
of  the  enamel  rods.  Thus  Leon  Williams  has  demon- 
strated indubitably  that  the  "  bodies"  are  connected  vertically 

^  .'On  the  Formation  aird  Structure  of  Dental  Enamel."  Tko  Denial  Cosmos, 
1896. 
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Fig.  21, — Longitudinal  section  of  enamel  from  outer  surface  of  Human 
incisor.    Magnified  3,000  times.    The  structure  of  tlie  calcified  enamel- 
globules  of  wh'ch  the  rods  are  composed  is  very  finely  shewn  in  this  illus- 
tration. This  section  represents  normal  human  enamel  of  the  finest  type. 
Photomicrograph  by  Leon  Williams. 
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by  plasmic  strings  of  granular  origin  which  traverse  the 
entire  length  of  the  rods;  that  they  are  also  ..united  to.  the 
bodies  of  contiguous  rods  by  radiating  processes,  or  even 
touch  one  another  at  the  points  of  the  greatest  diameter  of 
the  rods  ;  that  there  may  be  as  many  as  fifteen  or  twenty 
calcified  plasmic  strings  in  each  enamel  prism  ;  and  that  their 
ultimate  structure  is  most  suitably  revealed  by  the  action  of 


Fi-  22  -Longitudinal  section  of  enamel  from  Human  tooth.  Magnified 
I  ooo  times.     Shows  enamel-rods  passing  through  Retzius  bands  with- 
out break  of  continuity.     The  rods  are  separated  by  rather  more  than 
the  normal  amount  of  cement-substance,  and  sliow  imperfect  formation 
in  lower  right-hand  coiner.    Photomicrograph  by  Leon  Williams. 

weak  acids,  such  as  citric  in  lemon  juice,  which  first  removes 

the  connecting  threads.  ,     ,  i  • 

The  Cementing  substance  or  matrix  varies  cons.derably  in 
amount.  In  the  majority  of  cases,  in  the  teeth  of  man,  the 
prisms  are  more  or  less  in  actual  contact  throughout  their 
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entire  course,  being  united  by  the  varicosities  or  bodies  :  but 
in  some  sections  they  lie  quite  apart,  separated  sometimes  by 
spaces  which  may  equal  one-fourth  or  one-fifth  the  diameter  of 
a  column  (viz.,  i/x.),  (Fig.  15)-  This  translucent,  interpris- 
matic,  calcified  substance  has  in  it  delicate  connecting  lateral 
processes  and  fine,  tiny  granules,  and  does  not  contain  either 
the  organic  fibres,  which  Bodecker^  and  Abbott^  affirm  pass 
between  the  rods  and  give  off  "  thorn-like"  processes,  or  the 
channels  which  have  been  described  by  von  Ebner''.  (Fig.  18). 

Otto  Walkhoff,'  ex  cathedra,  refuses  to  grant  that  this  cement 
substance  exists.  He  examined  the  enamel  rods  of  certain 
Primates,  Carnivora  and  Ungiilata,  in  which  the  structural 
elements  of  the  tissue  are  regular.  He  affirmed  that  vertical 
sections  of  enamel  never  give,  for  great  distances,  the 
contours  of  the  rods  in  one  plane,  and  that  observations  on 
such  sections  are  untrustworthy.  When  magnified  3,500 
times,  a  measurable,  thick,  doubly-coloured  stripe  was  seen  : 
viewed  horizontally,  the  rods,  at  a  magnification  of  2,400, 
exhibited  no  cement  substance.  He  wrote  :  "  A  series  of 
photomicrographs  with  the  apochromatic  3  mm.  oil  immer- 
sion, N.A.  1.40  objective,  showed  that  enamel  prisms 
consist  of  two  parts  optically  distinctly  divided  from 
each  other.  The  central  part,  or  real  body  of  the  prism, 
is  grainless,  or,  at  the  most,  slightly  spotted,  but  darker 
coloured  than  the  peripheral  layer,  which  appears  whitish. 
A  delicate,  somewhat  darker  line  forms  the  border  between 
the  two  layers  ;  the  outer  border  lining  the  whole  prism, 
which  appears  somewhat  blacker,  is  sharply  sectioned,  even 
with  high  magnifications.  Such  pictures  are  produced  only 
when  focussing  has  been  most  exact,  and  where  possible  has 
been  directed  to  the  surface  of  the  prism.  In  its  surround- 
ings there  are  immediately  seen,  if  there  is  the  slightest 
obliqueness  in  the  section,  diffraction  seams,  especially  if 

^  "  The  Anatomy  and  Pathology  of  the  Teeth,"  1894. 
.    -  "  Minute  Anatomy  of  the  Human  Tooth  "  in  Trans.  Dent.  Soc,  New  York,  1882. 
"  "  Histologie  der  Ziihne  "  in  "  Handbuch  der  Zahnheilltunde,"  1891. 
*  "Contributions  relating  to  the  more  minute  structure  ol'  the  Enamel,  and  to  the 
Development  of  Dentine."    Deutsche  Monatssehrift  JUr  Zalmhnlknndc,  Jan.,  1898. 
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oblique  illumination  has  been  used.  With  inexact  focussing 
the  picture  totally  changes.  Between  the  prisms  there  is  then 
shown  a  line  which  appears  dark,  which  by  increasing  the 
inexactness  grows  in  width.  What  previously  was  light  now 
becomes  dark,  and  such  a  picture  gives  only  too  well  the 
delusion  of  cement  substance  between  the  enamel  prisms." 

A  recurrence  to  the  belief  in  the  existence  of  an  organic 
matrix  in  enamel  has  quite  recently  been  furnished  by  the 
pages  of  the  Denische  Monatsschrift  fi'tr  ZalinJieilhmde, 
August,  igo2,  by  Viggo  Andresen  of  Vejle,  Denmark.  His 
paper  ("  Beitrag  zur  Histologic  des  Schmelzes  ")  is,  however, 
inconclusive,  and  his  illustrations  imconvincing. 

It  is  interesting  to  note  the  various  opinions  and  theories  in 
connection  with  the  histology  of  enamel  and  its  prisms. 
Thus : — 

Abbott  says  that  "  normal  enamel  is  non-striated." 
Sudduth^  denies  that  the  rods  have  any  internal  structure, 
von  Ebner  believes  in  the  existence  of  the  striae  but  con- 
siders they  are  an  artificial  appearance,  due  to  the 
action  of  acids. 
The  propositions  advanced  as  to  the  origin  of  the  shadings  or 
transverse  markings  are  : — 

(i)  An  intermittent  calcification  of  the  prisms  would 

produce  the  dark  and  light  bands.—  (Hertz.) 

(ii)  They  are  due  to  the  existence  of  beads  or  varicosi- 
ties in  the  rods.— (Kolliker,  Waldeyer,  Haycraft, 
Ewald,  and  Leon  Williams.) 

(iii)  Or  to  inequalities  on  the  surfaces  of  the  rods. — 

(Sudduth  and  Febiger.) 
(ivj    The  miction  of  acids. — (von  Ebner.) 

(ii)    The  Courses  or  Cnrvafitrcs  of  the  Prisms 

Individually  each  prism  runs  a  more  or  less  spiral  course 
and  often  decussates  with  its  neighbours,  so  that  it  is  exceed- 
ingly difficult,  if  not  impossible,  to  trace  its  entire  course. 

'  "Dental  Embryology  and  Histology"  in  "  American  System  of  Dentistry," 
1887. 
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Collectively,  the  courses  are  neither  perfectly  straight  nor 
perfectly  parallel.  At  the  cervical  region  they  run  horizon- 
tally outwards  from  the  dentine ;  at  the  cutting  edge  or  the 


^''S.p.-Vci^lic^l  ^^"'"^"^  ^"^'nel.     Unstained,   and  non- 

decalcified.     iMagnified  250  limes.     The  lines  which  run  across  the 
rods  are  cracks  in  the  tissue  produced  by  grinding  the  section. 

masticating  surface  they  are  chiefly  set  vertically  with  it 
Ihey  thus  radiate  outwards  all  round.    According  to  Tomes,' 
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"Dental  Anatomy,"  1898,  "On  the  whole  the  prisms  are 
parallel  and  run  from  the  surface  of  the  dentine  continuously 
to  that  of  the  enamel.  Their  paths  are  not,  however,  either 
perfectly  straight  or  perfectly  parallel ;  for  alternate  layers 
appear  to  be  inclined  in  opposite  directions,  while  they  are 
also  wavy,  forming  several  curves  in  their  length.  The  cur- 
vature of  the  prisms  ismost  marked  on  the  masticating  surface : 
while  the  layers,  alternating  in  the  direction  of  their  inclina- 
tion, as  just  described,  are  in  places  transverse  to  the  long 
axis  of  the  crown,  and  correspond  to  the  fine  striae  on  the 
surface  of  the  enamel,  which  appear  to  be  caused  by  their 
outcrop.  The  curvatures  take  place  in  more  than  one  plane  ; 
in  other  words,  the  course  of  the  individual  prism  is  more  or 
less  a  spiral." 

A  general  idea  of  the  courses  of  the  prisms  may  be  obtained 
by  macroscopic  examination  of  a  section. 

(iii)  "  Supplemental  "  Prisms 

As  the  rods  ftt'tt -Qutwards,  and  approach  the  free  surface, 
it  is  obvious  that  many  narrow  spaces  must  be  left  between 
them  as  they  radiate  centrifugally  from  the  dentine,  the  total 
area  of  which  is  considerably  smaller  than  that  of  the  cortex 
of  the  enamel.  These  clefts  are  filled  with  numerous  short 
supplemental  prisms,  which  are  histologically  identical  with 
the  other  columns,  but  are  of  varying  length.  These  rods 
are  best  observed  over  the  cusps  of  teeth. 

(iv)  The  Brown  Stria  of  Retziits 

Nearly  every  longitudinal  section  of  enamel  exhibits  in  a 
more  or  less  degree  these  stripes.  They  appear  as  shadings 
or  brown  markings,  arranged  in  the  form  of  arcuate  stripes; 
and  they  maintain  a  certain  amount  of  parallelism  to  the 
boundary-line  of  enamel  and  dentine,  which  may  be  called 
the  amelo-dentinal  junction  (Fig.  24).  Crossing  the  prisms 
in  various  planes  and  in  various  directions,  they  are  more 
pronounced  on  the  cortical  portions  of  the  tissue,  but  extend 
right  up  to  the  junction.    Between  thirty-six  and  forty  have 
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been  counted  as  crossing  a  segment  of  enamel,  but  the  num- 
ber varies  very  greatly.  The  bands  are  interrupted  partially 
or  completely.  Sudduth  calls  them  "  the  broken  stri^,"  &c. 
Many  are  broad  and  many  are  narrow,  the  thickest  and  most 
marked  of  the  former  measuring  sometimes,  roughly,  one- 
fifteenth  part  of  the  whole  thickness  of  the  enamel.  These 
stratifications  are  only  visible  in  vertical  sections.  Horizon- 
tally, the  stripes  are  cut  obliquely  or  transversely,  and  thus 

E 


Fig,  24. — The  Brown  Striae  of  Retzius  in  enamel.  Prepared  by  grinding  thin. 
Unstained.    Magnified  40  times.    E.  Enamel ;   D.  Dentine. 

are  seen  as  concentric  bands,  darker  and  more  distinct  at  the 
edge  than  near  the  dentine ;  and  therefore  they  give  the 
enamel  a  more  or  less  lamellated  appearance. 

The  striae  of  Retzius  are  due  to  pigmentary  deposition  in 
the  prisms.  The  theories  propounded  by  von  Ebner  and 
Kolliker  have  been  dismissed  by  Leon  Williams  as  incorrect. 
The  former  observer  supposes  that  the  bands  are  due  to 
"  imprisoned  air  or  gas  which  has  entered  the  ground-off  ends 
of  the  rods  through  minute  channels."  And  to  this  Leon 
Williams  replies  {pp.  cit.  page  475)  that  the  idea  is  a  mistaken 
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one,  "first,  because  the  supposed  canals  have  no  existence  ; 
secondly,  because  the  ground-off  ends  of  enamel  prisms  do 
not  appear  except  when  the  section  of  enamel  is  ground  at  a 
certain  angle." 

According  to  Walkhoff  [loc.  at.)  the  striae  of  Retzius  are 
nothing  else  than  the  ordinary  transverse  striping  of  the 
enamel  rods  on  a  large  scale.  He  declares  that  both  striae 
are  the  expression  of  the  deposition  by  the  lime  salts  of  the 
enamel-tissue  strata-wise,  a  longer  lasting  interruption  of 
the  calcifying  process  producing  the  Retzian  stripes,  and  one 
short,  often -repeated,  the  transverse  striae  of  the  prisms. 

Thus  the  brown  striae  of  Retzius  have  been  attributed  in 
their  origin  to  : — 

(i)  The  lamellated  mode  of  formation  of  the  enamel. 
(Kolliker,  Walkhoff). 

(ii)  The  entrance  of  air  into  cavities  between  enamel 
prisms,    (von  Ebner). 

(iii)  The  varying  character  of  food  taken  by  the  mother 
during  the  period  of  gestation,  some  food  being 
rich  in  lime  salts  of  one  kind  and  some  rich  in  salts 
of  another  kind.  ("American  System  of  Den- 
tistry," p.  656,  1887). 

(iv)  And  finally,  and  correctly,  pigmentation.  (Leon 

Williams). 

(v)   The  Lines  of  Schregcr 

By  reflected  light,  as  well  as  by  transmitted  light,  it  is 
often  possible  to  distinguish  in  ground  perpendicular 
sections  of  the  teeth  of  man,  entire  band-shaped  layers  of 
prisms  alternately  decussating  in  such  a  manner  as  to  pro- 
duce lines.  By  the  former,  they  appear  white,  by  the  latter 
black,  as  in  the  photomicrograph.  These  differ  very  markedly 
from  the  stri®  of  Retzius,  inasmuch  as  they  run  transversely 
to  them  (Fig.  25)  and  are  long,  level,  very  broad  bands, 
which  bear  some  resemblance  to  flat  clouds  (Fig.  27)  of  the 
cumulo-stratus  type.  All  sections  by  no  means  exhibit  them  ; 
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but  those  specimens  which  do,  commonly  shew  them  most 
clearly  and  distinctly.  They  blend  together,  and  therefore 
form  blackish  masses  in  the  enamel.  They  may  be  dis- 
tributed anywhere  throughout  the  thickness  of  the  tissue, 
but  very  often  are  confined  to  its  inner  aspect,  particularly 
at  the  cusps  of  premolars  and  molars.  High  powers  reveal 
the  fact  that  the  prisms  are  histologically  normal,  and  it  is 
only  low  magnifications  which  make  apparent  their  occasional 
length-wise  groupings. 


Fig.  27.— Schregei's  lines  in  enamel,  as  cloud-like  masses  through  dense 
"pigmentation.    Magnified  300  limes,    s.  Schieger's  lines;   D.  Deutme 

with  enamel  spindles. 

(vi)    Certain  Spaces  or  ''Enamel  Spindles" 

Independent  of  certain  cavities  or  clefts  on  the  free 
surface  of  enamel,  which  have  no  special  structure,  there 
can  often  be  found  in  teeth  free  from  any  apparent  structural 
defects,  near  the  amelo-dentinal  junction,  irregularly- 
shaped  chasms,  which  in  ground  sections  are  remarkably 
clear  and  brilliant.  (See  Fig.  30).  They  appear  to 
be  in  direct  continuity  with  those  few  dentinal  tubes 
which    manage   to   cross   the    boundary  line    of  the  two 
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!■  K;.  29. 

Figs.  28  and  29. — Vertical  sections  tlirougli  cusps  of  Human  molar..  Stained 
with  Golgi's  rapid  process.      Magnified  45  timer.      E.  Enamel  ; 
D.  Dentine ;  F.  Fissure  wiLli  clear  structureless  margins. 
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hard  tissues.  In  fact  they  resemble  bulbous  enlargements 
ot  the  tubes  (Fig.,  3 1).  Situated  between  the  prisms  in  the 
cement  substance,  which,  according  to  von  Ebner,  and 
quoted  byRomer  in  his  "  Zahnhistologische  Studie,"  1899, 
p.  39>  IS  more  abundant  near  the  dentine  than  the  cortex,  they 
run  vertically  outwards,  are  narrow,  and  about  40/.  long. 
They  may,  be  clubbed  or  spindle-shaped.  . 

These  spaces  are  not  infrequently  observed  in  vertical 
ground  sections  of  molars  or  premolars. 


F'g-  30- — Vertical  section  through  cusp  of  tooth.     Magnified  50  times. 
E.  Enamel  ;   n.  Dentine,  rnany  tubes  of  which  end  in  the  enamel 
spindles.    Photomicrograph  by  Douglas  Gabell. 

In  the  margins  of  the  apices  of  the  dentine  cusps  (Fig.  32) 
they  are  more  numerous  than  in  the  saddle-shaped  depres- 
sions between  them,  in  which  situation  they  are  only  to  be 
met  with  singly  or  in  sparse  numbers.  The  knobs  sit  on  the 
dentinal  tubules  exactly  like  ears  on  the  stems  of  the  straw  of 
corn  bound  up  into  sheaves.  Those  found  in  the  highest 
parts  of  the  cusps  appear  to  stand  upright ;  while  on  the  con- 
trary those  at  the  slopes  incline  more  or  less  to  the  horizontal 
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Fig.  32. 

Figs.  31  and  32.  — Adapted  from  two  drawings  by  Kretz,  in  Riimer's 
"  Zahnhistologische  Studie,"  1899.  Fig.  31. — Vertical  seclicn  through 
amelc-dentinal  junction  in  molar  of  a  child,  stained  with  gold  chloride, 
and  potassium  iodide.  Magnified  1,500  times,  d.  Dentine;  Enamel; 
T.  Dentinal  tube  ;  K.  Enamel  sjiindle ;  C.  Dark  red  corpuscle  in  the 
interior  of  the  enamel  spindle.  Fig.  32. — Vertical  section  through 
the  amelc-dentinal  junction  of  a  cusp  of  a  left  maxillary  first  molar  of  a 
boy,  aged  13  years.  Stained  as  in  last  Figure.  Magnified  250  times. 
E.  Enamel ;  D.  Dentine ;  K.  Enamel  spindle?. 
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plane.  Thus,  in  a  long-itudinal  ground  section  through  the 
middle  of  the  cusp  they  are  cut  perpendicularly,  whereas  in  a 
tangential  ground  section  going  through  the  lower  portion 
they  are  found  for  the  most  part  cut  transversely. 

In  sections  ground  in  the  ordinary  way,  and  subsequently 
treated  in  the  usual  manner,  these  enamel-knobs  stand  out 
black  or  dark  grey  on  a  light  background.  There  is  no  inter- 
nal structure  visible,  the  space  being  filled  with  detritus,  &:c., 
from  the  act  of  grinding. 

Whether  protoplasm  ever  filled  them  is  a  difficult  matter  to 
decide.    It  is  probable  that  in  the  fresh  condition  it  did. 

Various  accounts  are  given  by  different  authors  as  to  their 
histological  characteristics,  amongst  whom  Tomes,  von 
Ebner,^  Hollander,"  Wedl,"  Bodecker,^  and  Oscar  Romer  = 
may  be  cited. 

Charles  Tomes  {op.cif.-p.  27)  makes  no  mention  of  their 
contents,  and  concludes  that  "  perhaps  they  are  to  be  regarded 
as  pathological." 

That  hollow  spaces  constitute  these  enamel-spindles  von 
Ebner  and  Wedl  are  agreed  :  but  the  former  holds  that  they 
contain  air,  and  the  latter  that  they  are  filled  with  amorph- 
ous dark  calcareous  masses,  von  Ebner  thinks  they  are 
actually  produced  by  the  shrivelling  up  of  cement  substance, 
which  is  more  easily  possible  at  the  amelo-dentinal  line  than 
at  the  free  surface  of  the  tissue.  H5llander  describes  their 
presence  in  the  juxta-dentinal  zone  of  enamel,  but  regards 
them  as  non-pathological.  Bodecker  says  "  They  invariably 
contain  protoplasmic  bodies  of  distinctly  reticular  structure 
and  sometimes  one  or  more  compact  clusters,  which  may  be 
spoken  of  as  nuclei.  The  spindle-shaped  corpuscles  stand  at 
their  central  terminations  in  direct  connection  with  the  ends 
of  the  dentinal  fibres,  as  these  originated  from  repeated 
branchings.  At  many  places,  especially  those  corresponding 
to  the  crown  apices,  the  spindle-shaped  enlargements  of  the 

•  Scheft"'s  "Handbuch  der  Zahnlieilkiinde,"  Vienna,  iSqi.  „  „   ,•  ,o.. 

.  -  Die  Anatomie  der  Z.nl.nc  des  Menscl.en  und  der  AVubellh.ere,"  Herl.n,  i8,,. 

"  "  Pathologic  der  Zahne,"  Leipzig,  1870.  . 

4  Heitzmann's  "  Mikroscopisclie  iMorphologie,'  Vienna,  883. 

«  is^rvZ  in  Zahnhein,  "  Zahuliistologische  Siudie,"  Freiburg,  1899. 
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dentinal  fibres  are  very  numerous  and  nearly  regular  in  size 

and  direction  In  the  teeth  of  youngrer  persons 

the  spindle-shaped  swellings  are  relatively  larger  and  more 
regular  than  in  those  of  older  people."    This  is  called  the 

"Bio-plasson  theory." 

Romer  coincides  on  the  whole  with  Bodecker's  view,  with 
the  reservation  that  he  would  apply  the  term  "dentinal 
tubules,"  instead  of  "  dentinal  fibres,"  to  those  formations 


E  S 


irig_  33, — Vertical  section  through  the  coronal  part  of  a  toolh.   Prepared  by 
Weil's  process.    Magnified  250  times.     E.   Enamel  ;  D.   Dentine  ; 
F.s.  Enamel  spindle  criticall)'  focussed  to  shew  Romer's  corpuscles. 

which  widen  out  into  clubs  or  spindles  in  the  enamel.  He 
declares  that  the  spaces  contain  an  organic  matter  capable 
of  becoming  stained  with  chloride  of  gold,  and  appear  of  a 
reddish  tint,  varying  from  a  rose-colour  to  a  dark-red  hue 
(marked  C  in  Fig.  31).  He  admits  that  in  most  cases  they 
are  merely  filled  with  air,  through  the  shrinking  of  some  of 
the  organic  material ;  but  affirms  that  when  teeth  are 
treated  by  the  Koch-Weil  method  there  is  no  shrinkage,  and 
that  a  non-reticulated  organic  substance  is  re^llly  present  in- 
side the  knob.    He  describes  and  figures  (Fig.  xxxiii.,  Tafel 
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vii.)  in  one  space  "several  spherical  corpuscles  hanging  to- 
gether by  a  fine,  scarcely  measurable  fibre,  also  stained  dark- 
red  and  running  out  into  a  fine  point."  (See  Fig.  31,  also 
Fig-  33)-  In  conclusion,  he  writes  :— "  I  should  '  not 
however,  call  these  round  or  oval  corpuscles  cell-nuclei,' 
asBodecker  does;  especially  I  cannot,  like  him,  in  defend- 
ing his  '  Bio-plasson  •  theory,  testify  to  a  connection 
between  these  knobs  and  'the  living  enamel  material'; 
but  I  think  we  should  much  rather  venture  to  see  in 
these  fine  corpuscles,  so  often  arranged  in  rosary-like  order, 
sensitive  nerve-end  apparatus  of  the  nerve  filaments  which  run 
in  the  dentinal  tubules."  For  the  arguments  which  Romer 
advances  in  favour  of  this  extraordinary  hypothesis,  see  his 
paper. 

The  tubes  of  the  dentine  themselves  often  traverse 
the  boundary  line  and  penetrate  the  enamel  sometimes  to  a 
depth  of  30/i,.  They  run  in  the  cement  substance,  not  in  the 
interior  of  the  prisms. 

Before  altogether  dismissing  these  theories,  one  or  two 
more  instances  may  be  given  of  other  opinions  on  this  most 
interesting  subject. 

F.  T.  Paul  {The  Dental  Record,  p.  495,  1896)  explains  their 
occurrence  in  this  manner :—  "  In  early  mammalian  tooth- 
germs,  the  ameloblasts  and  odontoblasts  are  seen  to  be 
separated  by  a  thin  band  of  transparent  dentine  matrix,  due 
to  certain  changes  in  the  surface  of  the  pulp.  This  band  has 
two  sets  of  processes  of  formed  matrix.  One,  as  Howard  Mum- 
mery first  showed,  passes  between  the  odontoblasts  to  com- 
municate with  the  connective  tissue  matrix  of  the  pulp,  and 
the  other  extends  outwards  between  the  ameloblasts,  which, 
in  some  instances,  are  therefore  kept  apart,  and  thus  form 
elongated  spaces  filled  with  the  imperfectly  calcified  matrix 
of  dentine.  'That  processes  of  dentine  matrix  thrust  up 
between  the  enamel  prisms  should  never  calcify,  is  certainly 
nothing  surprising  when  one  remembers  that  the  first  layer 
of  dentine  usually  only  calcifies  imperfectly,  being  character- 
istically the  site  of  the  interglobular  spaces  of  Tomes.*  " 
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Waldeyer  (in  Strieker's  "Handbuch  der  Lehre  von  den 
Geweben,"  Leipzig,  1871)  denies  that  the  spindle-shaped 
spaces  in  enamel  exist  at  all,  as  structural  elements,  either  as 
developmental  errors  or  pathological  lesions.  He  bases  his 
view  on  the  assumption  that  the  least  defect  in  the  parallelism 
of  the  sections  would  be  likely  to  lead  to  incorrect  appear- 
ances. Cracks  or  fissures  in  the  enamel,  produced  by  mani- 
pulative interference,  would  also  yield  deceptive  results. 
Hertz,  too,  another  of  the  earlier  investigators,  interpreted 
the  meaning  of  these  spaces  in  a  similar  way. 

But  Walkhoff '  has  often  seen  them. 

One  of  the  most  difficult  problems  in  the  whole  of  dental 
histology  is  that  connected  with  the  relationship  of  enamel 
and  dentine ;  for  not  only  is  it  hard  to  conceive  how 
enamel,  an  epiblastic  substance,  should  be  so  securely 
fixed  on  the  surface  of  a  mesoblastic  substance,  and  by 
what  means  they  are  thus  bound  together ;  but  the  trans- 
piercing of  the  amelo-dentinal  boundary  by  the  dentinal 
tubes  is  infinitely  still  more  perplexing.  Walkhoff  has  pub- 
lished {op.  cit.)  an  ingenious  hypothesis  in  attempting  to  ex- 
plain this  phenomenon.  In  common  with  Wedl  [op.  cit.)  and 
von  Ebner,  he  assumes  that  at  this  border-line  there  must 
have  been  an  absorption  (or,  more  correctly  translated, 
resorption)  of  the  first  deposited  dentine.  His  arguments  in 
favour  of  this  are  founded  on  the  facts  that  under  the  enamel. 
Tomes'  granular  layer  is  never  seen,  because,  though  once 
existing,  it  has  in  the  process  of  time  become  absorbed  :  that 
the  dentinal  canals  run  up  to  the  edge  without  much  narrow- 
ing of  their  diameters,  thus  apparently  proving  that  they 
have  been  diminished  in  lengtJi :  and,  finally,  that  here,  too, 
there  are  practically  no  branchings,  these  having  disappeared 
in  consequence  of  the  resorptive  process. 

Granting  that  the  interpretations  of  these  phenomena  are 
correct,  he  proceeds  to  explain  that,  owing  to  an  especial 
vitality  on  the  part  of  certain  individual  tubes,  they  are 

'  Deutsche  Monalssclirift  f'iiv  Zahtiheilk uoide,  ]a.uni\ry,  1898;  also  "Die  Normale 
Histologic  Menschlicher  Zahne,"  Leipzig,  1901. 
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enabled  to  completely  resist  the  absorption  of  the  defectively- 
built  dentine  which  is  going  on  all  round,  remain  in  situ.^n^, 
therefore,  have  the  appearance  of  actually  projecting  beyond 
the  amelo-dentinal  junction.  Walkhoff  adds  that  the  canals 
appear  as  if  sharply  cut  off,  a  proof  that  their  terminations 
are  absorbed.  The  direction  of  their  courses  is  not  always 
parallel  with  the  enamel  columns,  because  they  frequently 
break  through  the  prisms  transversely.    There  occur  forma- 


Fig.  34. — Vertical   section  through  coronal  region  of  a   tooth,  shewing 
the  amelo-dentinal  junction.      Prepared   by   grinding.  Unstained. 
Magnified  250  times.   £.  Enamel ;  D.  Dentine  ;  s.  Stained  enamel-rods 
of  irregular  formation, 

tions  (the  enamel-knobs)  at  the  apices  of  the  dentine  cusps  in 
the  teeth  of  f>)'imates  and  carnivora,  which  may  reach  far 
into  the  enamel,  and  do  not  consist  of  simple  dentine  tubes, 
but  may  have  round  them  a  large  amount  of  uncalcified  basal 
substance  or  matrix. 

Walkhoff  summarises  his  investigations  by  asserting  that 
the  club-like  processes  represent  simple  dentinal  tubes,  which, 
through  unusual  vitality,  have  opposed  sufficient  resistance  to 
the  absorption  of  the  dentine,  which  takes  place  during  the 
formation  of  the  enamel;  and  that  there  were  certain  masses 
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of  basal  substance  already  formed  round  each  tube  which  the 
resorption  was  unable  to  destroy. 

The  amdo-dentinal  line,  junction,  or  boundary,  is  made  up  of 
a  fairly  straight  or  slightly  undulating  line  with  pale  homo- 
geneous tissue  on  either  side.  The  tubules  do  not  end  on  the 
line,  but  near  it,  while  the  enamel  prisms  themselves  are 
structureless  or  faintly  granular.  This  condition  obtains  in 
horizontal  sections  of  premolar  and  molar  teeth  taken  at  the 
cervical  margin,  and  at  the  narrow  part  of  that  margin.  In 
its  broadest  part  the  boundary  is  represented  by  a  linear 
series  of  tiny  enamel  convexities  looking  towards  the  dentine. 
Here  the  tubules  are  strong  and  thick  and  come  quite  up  to 
the  edge  of  the  convexities,  and  the  structure  of  the 
enamel  convex  surface  is  pale,  bright,  and  glistening 
when  viewed  by  transmitted  light  (Fig.  34).  The  enamel 
in  the  immediate  neighbourhood  is  translucent  and  struc- 
tureless.^ 

The  same  thing  is  found  in  vertical  sections,  but  the  enamel 
crescents  are  more  constant.  They  closely  resemble  that  edge 
of  the  layer  of  formed  but  uncalcified  dentine — the  dento- 
genetic  zone — in  developing  teeth  which  is  in  juxta-position 
to  the  calcified  dentine. 

As  has  been  already  stated,  tubules  from  the  dentine  with 
or  without  their  bulbous  enlargements  occasionally  cross  this 
border. 

The  only  elements  of  histological  interest  in  the  fissures 
on  the  periphery  of  enamel  are  the  so-called  encap- 
suled  lacunae,  described  by  Tomes  {pp.  cit.  p.  100).  They 
are  fairly  common  in  occurrence,  and,  as  a  rule,  a  group  of 
twelve  or  more  are  seen  occupying  and  filling  a  deep  pit. 
They  are  brownish  in  colour,  and  "  are  to  be  regarded  as  indi- 
vidual osteoblasts,  or  nests  of  osteoblasts,  which  have  to  some 
extent  preserved  their  individuality  during  calcification." 

1  It  is  of  great  interest  to  note  that  when  sections  of  sound  teeth  have  been  sub- 
jected to  imprcf;nation  with  coloured  collodion,  as  first  advocated  by  Charters  White, 
isolated  patches  of  the  enamel  of  this  region  may  become  stained.  {See  Fig.  34.)  This 
often  occurs,  and  may  show  that  the  chemical  jiroperties  of  the  enamel  is  different 
here.  The  fact  may  probably  throw  some  light  as  to  the  actual  method  of  production 
of  secondary  enamel  decay. 


CHAPTER  IV 


THE  DENTINE 

Microscopical  Elements.— (i)  Matrix  ;  (ii)  Tubes  ;  (iii)  Sheaths  of 
Neumann  ;  (iv)  Interglobular  spaces  ;  (v)  Granular  layer  ;  (vi)  Schreger's 
Lines  ;  (vii)  Contour  lines  of  Owen  ;  (viii)  Lamina;.  Secondary  dentine. 

GENERAL  CHARACTERISTICS 

Definition. — That  hard  tissue  of  the  tooth,  which,  while 
comprising  its  greatest  bulk,  forms  the  natural  boundary  of 
its  pulp. 

Varieties. — There  are  four  varieties  : — Hard  or  unvascular 
dentine,  plici-dentine,  vaso-dentine,  and  osteo-dentine. 
This  is  Tomes'  classification.  Dr.  Med.  C.  Rose,'  of  Leipzig, 
basing  his  opinion  on  the  definition  of  dentine  as  "a  hard 
tissue  with  a  smooth  surface,  which  is  developed  under  an 
epithelial  sheath  (enamel  organ),  and  grows  on  one  side 
only,"  groups  the  different  kinds  under  the  headings  of  (i) 
"  Normal  tubular  dentine,"  (ii)  "  Vitro-dentine "  which 
contains  no  protoplasmic  processes,  (iii)  "  the  vaso-dentine  of 
Tomes,"  and  (iv)  "  trabecular  dentine."  The  latter— a  new 
term — is  defined  as  "  a  hard  tissue,  rich  in  short  dentinal 
canals,  and  capable  of  increase  in  all  directions;  but  not 
growing  immediately  beneath,  and  in  dependence  upon  an 
epithelial  sheath."  Here  will  be  considered  the  first-named 
variety,  viz.,  hard  dentine,  or,  more  scientifically,  ortho- 
dentine. 

<  "  On  the  various  alterations  of  the  Hard  Tissues  in  the  lower  vertebrate  animals." 
From  ihe  Anatomischcr  Anzier/er,  1898.     (Bd.  xiv.,  Nos.  i,  2,  and  3.) 
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Origin.— T\ie  matrix  or  intertubular  cement  substance  is 
formed  by  calcification  proceeding  from  certain  cells  of  the 
pulp;  the  walls  and  contents  of  the  tubules  are  manufactured 
probably  by  the  columnar  cells  on  the  surface  of  the  pulp, 
these  as  well  as  the  other  cells  being  derived  from  the  stomo- 

dseal  rpesoblast.' 

Disinbidton.—Yidird  unvascular  dentine  is  found  in  the 
teeth  of  man,  and  most  mammals;  also  in  some  reptiles  and 
fishes.  In  the  adult  human  dentition  it  measures  about  2  mm. 
in  the  radicular  regions,  and  4  mm.  in  the  normal,  over  the 

cornua  of  l;he  pulp. 

Macroscopical  appearances— Yc\\oms\v-w\i\tQ  in  colour,  dull, 

and  slightly  lustrcHiS  on  cleavage. 


HISTOLOGY 

In  considering  the  minute  anatomy  of  dentine,  it  will  be 
convenient  to  describe  its  (i)  Matrix,  (ii)  tubes,  (iii)  sheaths 
of  Neumann,  (iv)  interglobular  spaces,  (v)  granular  layer, 
(vi)  lines  of  Schreger,  (vii)  contour  lines  of  Owen,  and  (viii) 
lamellae  or  laminpe. 

(i)  The  Matrix 

The  matrix,  or  inter-tubular  substance,  called  also  the 
basis-substapce  by  some  authors,  appears  to  be  perfectly 
homogeneous,  translucent  and  hyaline.  The  researches  of 
von  Ebner-  (who  first  successfully  demonstrated  the  existence 
of  a  connective  tissue  stroma  in  bone)  and  Howard  Mummery 
[Philosoph.  Trans.  Roy.  Soc,  iSgs),  have,  however,  proved  that 
a  delicate  network  of  fine  connective  tissue  fibres  pervades  it. 
The  latter  says  (p.  537)  "We  can  no  longer  look  upon  the 

^  ThrougTiout  these  pages  the  conventional  use  of  the  word  "odontoblast" 
(meaning  each  of  the  large  columnar  cells  on  the  surface  of  the  pulp)  will  be  retained. 
The  author's  view  as  to  the  term  being  a  misnomer  when  applied  to  these  cells  is  well- 
known  ;  the  reader  is,  however,  referred  to  a  Note  in  the  Appendix  for  the  argu- 
ments. It  may  be  possible,  a  few  years  hence,  to  properly  attach  the  name  to  the 
other  round  central  pulp  cells,  and  not  to  the  constituents  of  the  mnnhrana  ehoHs, 
which  may  be  designated  "  pulp  corpuscles." 

-  "  Histologic  der  Ziihn?  mic  Einschluss  der  Histogenese,"  in  ScheflPs  "Haud- 
buch  der  Zahnheilkunde,"  Vienna,  1891. 
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matrix  Of  dentine  as  being  a  homogeneous  substance,  but  must 
regard  vt  as  composed  of  a  reticulum  of  fine  fibres  of  connec- 
tive tissue,  modified  by  calcification,  and  when  that  process 
IS  coinplete,  entirely  hidden  by  the  densely-deposited  lime 


Fig 


,  35-  — Longitudinal  section  at  apex  of  radicular  portion  of  pulp  in 
Human  premolar,  shewing  odontogenic  fibres  in  continuity  with  the 
dentofenetic  zore.     Magnified   350   times.     After  a   drawing  by 

Howard  Mummery  in  the  Philosnph.  Trans.  Royal  Society. 
36-— Transverse   section  of  pulp  of  crown  of  a  Human  premolar, 
shewing  fine  fibres  in  connection  with  the  dentine  on  one  side,  and  the 
pulp  on  tlie  other,  crowded  with  cell  nuclei.    Magnified  230  times. 
After  a  drawing  by  Howard  Mummery  from  the  same  source. 


Fig.  37. — Same  as  preceding  drawing,  and  from  the  same  source.  The 
larger  nuclei  belong  apparently  to  odontoblasts.     Magnified  230  limes. 


"  These  fibres  decussate  freely  with  one  another,  and  I 
believe  them  to  be  analogous  to  the  decussating  fibres  of 
bone.  They  are  rendered  visible,  in  some  instances,  by  the 
slow  decalcifying  action  of  caries,  as  they  appear  to  resist  the 
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action  of  acids-more  than  do  the  lime  salts."  He  suggests  for 
these  the  term  "  odontogenic  fibres."    They  are,  therefore, 


I'^'K-  39. — Same  as  preceding  figure.    Photomicrograph  by  Howard  Mummery. 

most  likely,  morphologically  and  chemically,  identical  with 
those  found  in  the  matrix  of  bone,  and  have  their  origin  in 
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connection  with  or  are  closely  attached  to  certain  connective 
tissue  fibres  of  the  pulp.    They  are  uncalcified. 

(ii)  The  Tubes  or  Tuhules 

The  microscopical  examination  of  a  section  of  dentine, 
whether  lengthwise,  crosswise,  or  oblique,  whether  decalcified 
or  not,  discloses  the  fact  that,  interpenetrating  it  everywhere, 
are  very  numerous,  fine,  ramulous,  fibril- transmitting  chan- 
nels.   Ground  sections  exhibit  the  tubes  better  than  those 


^ 
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Fig.  40.— Odontogenic  fibres  in  a  vertical  section  of  carious  dentine,  the 
decalcification  of  whicli  has  rendered  them  very  apparent.    The  crown 
of  a  molar  tooth  of  man.    Decalcified  by  the  author's  process.  Stained 
witli  Ehilich's  acid  hn:matoxylene,    Magnified  420  times.   D,  Dentine; 
p.  Pulp  ;  o.F.  Odontogenic  fibres. 

chemically  softened,  because  they  retain  debris  and  air,  and 
are  thus  more  strikingly  differentiated  from  the  matrix. 

When  viewed  vertically,  it  is  at  once  apparent  that  the 
tubes  run  centrifugally  and  radially  from  the  pulp-cavity. 
They  maintain  a  certain  amount  of  coincidence  with  the 
direction  of  the  peripheral  cells  of  the  pulp  (the  so-called 
odontoblasts) — that  is,  they  leave  the  soft  tis.sue  in  lines 
nearly  always  continuous  with  the  long  axes  of  the  odonto- 
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Fig.  41. — Vertical  section  of  dentine,  coronal  portion,  shewing  the 
arrangement  of  the  primary  curvatures  of  the  tubules.  Unstained. 
Magnified  40  times,     E,  Enamel;     D.  Dentine;  Interglobular 

spaces. 
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.  42. — Vertical   section  of  dentine,  radicular  portion,  shewing  the 
branching  and  terminations  of  the  tubules.    Prepared  by  grinding,  after 
staining  by  impregnation-  with  coloured  collodion,  Magnilied  240  times. 
1).  Dentine  ;  (',  Ccmentuni. 
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Fig-  43i — Transverse  sectiou  of  dentine,  radicular  portion,  shewing  the 
radiation  of  the  tubes  from  the  pulp  cavity.    Prepared  by  grinding. 
Unstained.    Magnified  40  times.      D.  Dentine ,    C.  Cemcatum. 
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blasts.  They  are  arranged  side  by  side  in  an  approximately 
parallel  manner  to  each  other. 

In  width  they  vary  frotn  l'^J,  to  2-2/x,  or  5/.  (Kolliker) ; 
2-5/i  (Owen)'  ;  or  0-0055  mm.— an  average  measurement— at 
their  pulpar  or  larger  extremity  (Schafer  in  "  Quain's  Anatomy," 
Vol.  III.,  Part  IV.,  1 896).  The  distance  between  their  mouths 
may  be  considered  to  be  twice  or  thrice  their  diameter  in  the 
same  situation,  where,  too,  it— the  distance-is  fairly  regularly 


Fig.  44. — Longitudinal  section  of  dentine.    Prepared  by  grinding. 

stained*    Magnified  420  times. 


Un- 


maintained-  No  hard-and-fast  statement  can,  however,  be 
made  on  this  point,  as  the  amount  of  intervening  matrix  is 
greater  or  less  in  different  parts  of  the  tooth  and  of  the  teeth 
in  the  same  mouth.  The  diameter  of  the  tubes  diminishes  as 
it  proceeds  outwards,  till  at  the  cervical  region  of  the  tooth  it 
becomes  immeasurable.  Their  greatest  lengths  may- equal 
from  5  mm.  to  6  mm. 

The  inner  extremity  of  a  canal  is  a  wide  open  orifice  look- 
ing on  to  the  surface  of  the  pulp  ;  the  other  near  the  enamel 

'  '5  Odontography,"  p.  459,  1845. 
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Fig.  46. — Dentine.    Oblique  section,  sliewin<,'  the  brandies  of  the  tubes. 
Prepared  as  in  last  figure.    Magnified  420  times. 
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or  cementum  is  a  cul-de-sac  of  large  dimensions  in  the  former 
locality,  and  generally  one  or  more  minute  spherical  knobs  in 
the  latter.  Those  in  the  coronal  part  of  the  tooth  run 
vertically  from  the  pulp  cavity,  at  the  cervical  margin 
obliquely,  and  in  the  radicular  region  horizontally  or  with  an 
inclination  towards  the  apex.  This  difference  in  direction  is 
gradually  brought  about,  and  varies  considerably  in  different 
specimens.  (Fig.  41). 


l'~'g-  47' — Dentine^  radicular  portion,  shewing  secoadary  curvatures  of  the 
tubes.    Magnified  160  times.    Photomicrograph  by  Douglas  GabeU. 

Each  tube  describes  in  its  somewhat  divergent  course  cer- 
tain curves  or  flexures.  These  are  called  the  "  primary " 
and  "  secondary  "  curvatures  of  the  dentinal  tubules.  The 
former  are  more  marked  in  the  crown  than  the  root,  the  latter 
the  root  than  the  crown  ;  the  former  are  large,  gentle  undu- 
lations, the  latter  small  spiral  twists  ;  the  former  are  on  the 
same  plane  or  nearly  so,  the  latter  not  on  the  same  plane  ;  the 
former  two  or  three  in  number,  the  latter  very  numerous,  as 
many  as  two  hundred  in  a  line — n  of  an  inch — according  to 
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Retzius.  Welck^  has  likened  a  tubule  to  "  the  thread  of  a 
corkscrew  stretched- so  that  the  turns  are  drawn  far  apart,"  its 
breadth  thereby  being  proportionately  diminished.  In  thick 
longitudinal  and  transverse-  sections  of  the  dentine  of  the 
root  this  corkscrew-like  appearance  is  easily  noted.  (Fig.  47). 

The  tubules  of  dentine  in  deciduous  teeth  are  sometimes 
constricted  at  short  intervals,  and  thus  present  a  moniliform 
appearance. 


Fig^  48. — Dentine.  Coronal  portion,  shewing  tubes  and  spherical  dilatations 
of  the  terminations  of  the  branches.    Prepared  by  grinding.  Un- 
stained,    Magnified   160   times.      d.  Dentine  ;    E.  Enamel  ;  A. 
Amelo-dentinal  junction. 

Branches. — As  they  proceed  outwards,  the  tubes  give  off 
exceedingly  fine  subsidiary  tubes.  These  are  branches  which 
somewhat  simulate  those  on  a  twig  of  a  tree.  They  come  off 
alternately  and  laterally  from  the  stem  or  main  trunk 
sometimes  at  right,  sometimes  at  acute  angles  to  it  ;•  they  are 
particularly  abundant  ■  in  the  dentine  of  the  roots,  less  frequent 
in  or  almost  absent  from  that  ofthe  crowns,  where  they  are  only 
found  as  the  tube  approaches  its  free  termination.  These 
channels- may  end,  either  in  the  form  of  branches  or  not,  (i) 
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in  tiny  spherical  culs-de-sac  near  the  margin  of  the  enamel  ; 
(ii)  by  anastomoses  with  their  neighbours— "  the  terminal 
loops"  of  Kolliker;  (iii)  in  the  inter-globular  spaces;  '(iv) 
in  the  granular  layer  of  Tomes  ;  (v)  in  the  cementum  ;  (vi) 
in  the  enamel-spindles  beyond  the  amelo-dentinal  junction  or 
as  straight  ceecal  terminations  in  the  interprismatic  cement 
substance.  In  the  crown  they  often  divide  dichotomously 
[i.e.,   by   pairs).      These   divisions,   most    commonly  ob- 


Fig.  49.— Terminations  of  the  dentinal  tubes  in  the  spaces  of  the  granular 
layer  of  Tomes.    Prepared  by  grinding.    Unstained.    Magnified  420 

tirties, 

served  near  the  pulp  cavity,  are  frequently  bifurcations 
which  Kolliker  has  described  as  being  "  repeated  two  to  five 
times  or  more,  so  that  at  length  four,  eight,  sixteen  or  more 
canals  may  arise  from  a  single  one."  He  also  mentions  cer- 
tain ramifications  "  which  would  seem  to  him  to  be  the 
sub-divisions  of  the  main  tubes.  He  says  [op.  cit.  p.  291' 
"the  canals,  now  narrower  after  their  division,  run  close 
together  and  nearly  parallel  towards  the  surface  of  the 
dentine ;  and  except  in  the  fang,  just  begin  to  send  out 
ramifications  in  the  outer  half  or  outer  third  of  their  course. 
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These  ramifications  appear  in  the  fangs  chiefly  as  fine  branches 
issuing  from  the  main  tubes,  but  in  the  crown  bifurcated 
terminations  of  them.  In  the  latter  case  they  are  for  the 
most  part  few  in  number:  it  is  otherwise  in  the  fang,  where 
the  branches,  being  generally  close  to  each  other,  and  passing 
off  from  the  canals  at  right  or  acute  angles,  give  them  some- 
times the  appearance  of  a  feather,  sometimes  of  a  brush, 
the  latter  especially  when  the  branches  are  large  and  ramify 
still  more." 


Fig.  50.— Dentinal  tubes  in   transverse   section.     Prepared  by  Weil' 
process.    Magnified  800  times. 

The  ofF-shoots,  like  the  main  tubes,  taper  towards  their 
terminations. 

Transverse  sections  of  dentine,  in  which  the  tutes  are  cut 
across,  show  abundant  rounded  piercings  of  the  matrix,  each 
having  a  slightly  modified  boundary  or  wall.  The  boundary 
is  represented  by  a  yellowish  ring-black  or  grey  if  stained 
by  Golgi's  rapid  process-which,  when  unstained,  is  often 
quite  unrecognisable  ;  but  nevertheless  exists  as  one  of  the 
sheaths  of  Neumann.    The  walls  are  very  minute,  and,  in 
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thickness  less  than  the  diameter  of  the  aperture  of  the 
tubule. 

Kolliker  gives  a  description  of  and  pictures  {op.  ci/..  p. 
291),  a  transverse  section  through  the  dentine  of  the  roots  of 
teeth  in  which  the  tubes  are  intimately  connected  by  ex- 
tremely numerous  anastomoses.  Probably  it  was  taken  close- 
to  the  pulp  surface,  as  there  are  no  indications  in  the  drawing 
of  any  spherical  or  other  termination  of  the  branches. 

The  channel,  in  the  fresh  state,  contains  the  dentinal  fibril 
which  in  transverse  sections  appears  like  a  delicate  roundish 
dot.^  This  does  not  necessarily  occupy  the  centre  of  the 
canal,  although  it  is  most  probable  that  during  life  it  fills,  or 
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Fig.  52. 

Fig.  51.— Diagram  shewing  Tomes'  conception  of  relations  of  (o)  odonto- 
blasts ;  (f)  dentinal  fibril ;  (t)  dentinal  tube,  with  its  sheath  ;  and  (.m) 

matrix. 

Fig.  52. — Klein's  conception  of  the  same. 

very  nearly  fills,  its  entire  length.  It  is  impossible  to 
prepare,  for  histological  purposes,  sections  of  the  hard  and 
soft  tissues  of  teeth  in  combination,  without  altering  their 
normal  characteristics.  Hence  it  seems  reasonable  to  believe 
that  not  only  does  the  protoplasmic  filament  traverse  the  tube 
from  pulp  to  extremity,  but  that  also  it  rarely,  if  ever,  com- 
pletely occludes  it. 

It  is  evident  that  the  contents  of  the  tubules  are  proto- 
plasmic processes  or  fibrils  which  emanate  from  the  odonto- 
blasts of  the  pulp.    They  represent  their  distal  or  dentinal 

1  Bodecker,  "Dentin,  Cement  und  Schmelz,"  in  Heilzmann's  "Mikroscopische 
Morphologic,"  Vienna,  1883,  describes  the  hbrils  as  angular,  not  round— under  enor- 
mous magnifcations.  He  thinks  they  give"  ofl' tiny  ofi-shoots  which  lun  into  tlie 
matrix  of  the  dentine  through  the  sheaths  of  Neumann.  The  action  of  reagents 
used  for  fixing  and  hardening  the  fibrils  in  situ  possibly  produced  this  efi'ect  of 
angularity. 
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processes,  E.Klein,  "Atlas  of  Histology,"  1880,  p-  i85, 
considers  that  the  odontoblasts  do  not  -furnish  the  dentinal 
fibrils.  He  says  :  "  I  cannot  find  convincing-  evidence  of  the 
odontoblasts  doing  more  than  producing  the  dentine 
matrix.  The  dentinal  fibres  appear  to  me  to  be  derived 
solely  from  the  deeper  layer  of  cells  which  are  wedged  in 
between  the  former."  The  fibrils  themselves  are  soft  struc- 
tureless threads,  devoid  of  a  covering  of  any  kind,  and 
continuous  through  all  the  length  of  the  tubule  and  its 
branches.  They  are  bathed  during  life  with  a  serous  exuda- 
tion from  the  surface  of  the  pulp.  This  exercises,  no  doubt, 
a  trophic  influence  upon  them,  and  prevents  injury,  which 
might  occur  if  they  were  brought  into  immediate  contact 
with  the  lining  membrane  of  the  tubule. 

All  authors  are  not  agreed  on  this  elementary  question 
of  their  contents.  Magitot  ("Traite  de  Carie  Dentaire," 
1878),  says  that  "during  life  the  dentinal  canaliculi  contain 
a  colourless  transparent  fluid  ;  "  and  Morgenstern  ("  Ueber 
die  Innervation  des  Zahnbeins  "  in  "  Archiv.  fiir  Anatomic 
und  Physiologie,"  1896),  declares  he  has  seen  many  nerve 
filaments  in  the  tubes.  "  It  is  the  dentinal  canaliculi,"  he 
writes,  "  which  for  the  most  part  contain  the  larger  nerve 
filaments."  His  arguments  are  weak  and  valueless,  depend- 
ing as  they  do  on  the  results  obtained  from  the  vagaries  of 
so  uncertain  and  unreliable  a  method  of  staining  as  that  of 
Golgi,  when  applied  to  sections  of  dentine. 

The  matrix  and  tubes  of  dentine  show  marked  traiislucency 
in  places,  especially  the  roots,  in  senile  and  functionless 
teeth.    (See  Chap.  XVI). 

(iii)   TJie  Sheaths  of  Neumann 

After  careful  decalcification  there  remains  a  soft,  mucoid, 
felt-like  mass,  the  organic  part  of  dentine— the  walls  of  the 
tubes.  Highly  elastic  and  slightly  cohesive  to  the  inter- 
mediate matrix,  when  thus  isolated  the  sheaths  look  like 
long  yellow-elastic^  connective  tissue-fibres  :  but  they  are,  of 
course,  quite  hollow.    They  possess  no  histological  sign'ifi- 
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cance.  They  were  first  accurately  and  most  fully  described 
by  Neumann  in  1863'.  He  demonstrated  that  all  soft  tissues 
of  the  tooth  having  first  been  removed,  subsequent  macera- 
tion in  boiling  acids,  of  various  strengths  for  varying  periods 
of  time,  led  to  dissolution  of  the  whole  of  the  inorganic 
elements,  and  left  behind  a  tube-like  formation,  which  was 
characterised  by  and  distinguished  from  the  dentine  matrix 
by  the  peculiar  property  of  resisting  the  action  of  chemical 
substances,  and  by  great  elasticity,  and  slight  cohesion  with 


jrig_  ^3,_The  sheaths  of  Neumann.    Prepared  by  decalcification,  and 
leasing  out.    Stained  with  borax-carmine.    Magnified  240  times. 

the  inter-tubular  material.  Some  attention  has  lately  been 
again  given  to  the  question  of  the  existence  or  non-existence 
of  these  sheaths  ;  and  interest  revived  in  what  seems  a 
simple,  but  is,  in  reality,  a  complex  study.  Optical  effects 
are  so  easily  produced  when  examining  dentine :  its  colla- 
genous substance  is  so  hard  :  its  association  with  the  soft 
protoplasmic  easily-destructible  soft  tissues  so  direct  and 

1  "  Ein  Beitrag  zm  Kenntniss  des  Normalcn  Zahnbein^md  Knocben-gewebes/' 
Leipzg. 
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complete,  that  it  can  be  no  small  matter  for  wonder  ,that 
investigators  still  hold  opposite  opinions  which  give  rise  to 
considerable  confusion. 

Neumann  affirmed  that  the  tubules  possess  proper  walls. 
He  called  them  "Dental  Sheaths"  ("  Zahnschieden  ")  and  he 
added  that  :  "  In  the  dental  tubes  are  contained  fibrous  non- 
calcified  processes  of  the  peripheral  pulp-cells  ("Tooth-fibres.") 
In  this  way  was  corroborated  the  original  statement  of  John 
Tomes  in  1856,  in  his  classical  contribution  to  the  Philosophi- 
cal Transactio7is  of  the  Royal  Society,  entitled  "  On  the  presence 
of  fibrils  of  soft-tissue  in  the  dentinal  tubes." 

Kolliker,  who  actually  first  discovered  them  by  acid 
maceration,  points  out  that  the  a:pparent  walls  of  the  tubes 
in  transverse  sections  are  not.  the  real  walls,  but  a  certain 
length  of  the  canals  themselves,  which  appear  as  dark  rings. 
If,  however,  an  edge,  very  narrow  in  width,  and  yellowish  in 
colour,  is  seen,  this  he  regards  as  the  trice  wall  ("  Mikro- 
scopische  Anatomie,"  Leipzig,  1854). 

Oscar  Romer  denies  in  toto  the  existence  of  these  sheaths 
of  Neumann.  In  his  monograph  already  quoted,  Part  I.  is 
devoted  entirely  to  the  consideration  of  their  presence  or  non- 
presence  in  dentine.  According  to  his  measurements,  they 
are  i/x  to  2//,  in  width  at  their  broadest  part.  He  contends 
that  the  contents  correspond  to  the  walls  of  the  tubes  ;  in  other 
words,  "that  the  odontoblast  processes  (or  dentinal  fibrils), 
really  correspond  to  Kolliker's  dentinal  tubules^'  and  con- 
tinue as,  and  do  not  enter  into  Neumann's  sheaths.  He 
sums  up  his  arguments  with  the  following  assertions  :— 

[a)  The  fibrils  described  and  depicted  by  Tomes  in 
1856  are  no  new  formations,  but  completely  identical 
with  the  dentinal  fibrils  described  by  Kolliker  in 
1834,  while  Tomes'  membrane  of  the  fibrils  corres- 
ponds to  the  wall  of  the  tubules,  and  to  Neumann's 
sheath ;  and  the  contents  of  the  fibrils,  described 
by  Tomes  as  semi-fluid,  correspond  to  the  contents 
of  the  tubules  described  as  fluid  by  other  writers. 
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The  dentinal  tubes  assumed  by  Tomes  do  not 
correspond  to  the  dentinal  tubules  of  KoUiker,  but 
are  artificially-produced,  wall-less,  tube-shaped 
hollow  spaces  produced  in  the  matrix  of  dentine 
by  decalcification  and  dissolution,  spaces  from 
which  Kolliker's  tubules  and  Tomes'  tubes  can 
be  easily  isolated. 

The  odontoblast  processes,  designated  *'  Tooth- 
fibres  "  or  "  Tomes's  fibres,"  are  not  the  contents  of 
Kolliker's  dentinal  tubules,  but  represent  both  the 
sheath  of  Neumann  and  the  contents  together. 
Therefore,  the  conception  of  "  Tooth  fibres  "  or 
"  Tomes's   fibres,"   as   the  contents   of  Kolliker's 


Fig,  54.— Diagram  shewing  Romei's  conception  of  relations  of  (o)  odonto- 
blasts ;    (F)  dentinal  fibril ;  and  (m)  matrix. 

tubules,  must  be  dropped,  and  we  must  content 
ourselves    for    the     present    with    the  original 
assumption,  that  the  contents  of  the  dentinal  tubules 
are  a  fluid  or  semi-fluid  material,  or  one  that  has  not 
yet  been  adequately  investigated.  . 
And  he  concludes        According  to  my  observations,  there 
do  not  exist  in  the  dentinal  substance  any  tubules  other 
than  those  of  Kolliker.    The  dentinal  tubes  of  Tomes  are 
only  tube-shaped  holes  produced  in  the  dentinal  substance 
by  maceration  ;   one    cannot  perceive,  even  under  the 
strongest  magnifying  power,  and  even  in  stained  sectton- 
preparations  of  normal  non-carious  dent.ne-whether  an 
ransverse,  longitudinal,  or  diagonal  section-any  inter- 
vening spice  whatever,  between   odontoblast  process  (or 
the  dentinal  tubule)  and  the  matrix  of  the  dentine. 
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The  various  contradictory  theories  concerning  the  existence 
and  non-existence,  the  walling,  and  the  contents  of  the 
dentinal  tubules  may  be  briefly  mentioned  as  follow : — 

(i)  Their  absence  is  affirmed  by  Magitot  (1880.) 

(ii)  Their  presence  in  mature  dentine  is  denied  by  Xavier 
Sudduth  (1887),  who  ("American  System  of 
Dentistry,"  p.  594),  says  :  "  The  salts  of  calcium 
are  deposited  around  the  fibrils  of  the  odontoblasts, 
and  in  a  certain  sense,  dentinal  tubuli  may  be  said  to 
exist  at  that  time.  We  may  say  that  this  tissue  is 
an  aggregation  of  tubes  containing  fibrils,  but  in 
the  process  of  aggregation  they  lose  their  identity  as 
such,  becoming  cemented  together  into  a  solid 
tissue."  And  further,  "  The  fact  that  dentine  is  not 
capable  of  being  broken  up  into  tubes  is,  in  my 
mind,  conclusive  evidence  against  the  theory  of  the 
existence  of  a  dentinal  sheath  per  se  as  the  wall  of  a 
dentinal  tube." 

(iii)  There  are  two  kinds  of  tubules  in  dentine,  one  con- 
taining the  processes  of  the  odontoblasts,  the  other, 
finer,  to  receive  nerve  fibres.  An  unproved  postu- 
late of  Franz  Boll,  1868,  "  Untersuchungen  iiber 
die  Zahnpulpa  "  in  "  Archiv.  fiir  Mikroskopische 
Anatomie."    Bd.  iv. 

(iv)  The  processes  of  the  odontoblasts  (dentinal  fibrils) 
are  KoUiker's  dentinal  tubes.  Lent,  1885,  "Ueber 
die  Enturcklung  des  Zahnbeins  und  des  Schmelzes," 
"  Zeitschr.  fiir  imssensch.  Zoologie,''  Leipzig. 

(v)  The  sheaths  of  Neumann  are  dependent  on  calcified 
dentine  substance,  because  they  are  invisible  (absent) 
in   the  dento-genetic  zone.      Erwin  Hohl,  1896, 

Beitrag  zur  Llistologie  der  Pulpa  und  des  Dentins  " 
in  "  Archiv.  fiir  Anatomie." 

(vi)  The  membrane  of  the  processes  of  the  odontoblasts 
form  the  sheaths  which  run  in  wall-less  tubes.  The 
sheaths  in  sitn  are  wider  than  those  artificially 
isolated  by  acids.    Romer,  1899,  op.  cit. 
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(vii)  Their  existence  as  separate  structures  is  doubted  by 
Underwood,  "  Aids  to  Dental  Anatomy  and  Physi- 
ology," igo2. 

(viii)  The  tubules  have  definite  walls  (sheaths),  and  contain 
Tomes'  dentinal  fibrils,— processes  from  certain  cells 
of  the  pulp.  Tomes  op.  cit.  1898  ;  as  well  as  many 
other  authors. 


(iv)  The  Interglobular  Spaces  of  Czermak^ 

At  varying  distances  below  the  amelo -dentinal  junction 
are  found  in  apparently  sound  as  well  as  in  imperfectly 
developed  dentine  numerous  globular  markings  arranged  in 
linear  series,  and  running  transversely  to  the  dentinal 
tubes.  Defective  dentine  exhibits  them  remarkably  well. 
They  were  first  described  by  J.  Czermak  in  1850,  and 
designated  by  him  the  "  interglobular  spaces."  "  Beitrag 
zur  Mikro-Anatomie  der  Menschlicher  Zahne." 

As  Tomes  has  pointed  out,  they  are  due  to  an  arrested 
development  of  the  tissue  during  certain  early  stages 
of  its  growth,  when,  for  some  cause  or  other,  the  calco- 
globular  masses  have  not  fused,  or  have  only  partially 
melted  together.  The  functions  of  the  lime-bearing  cells 
of  the  pulp  have  become  temporarily  modified,  and  instead 
of  the  dentinal  basis-substance  being  deposited  in  proper 
amount  and  regularity — making  a  hombgeneous  whole — 
the  calco-globular  masses  have  remained  unchanged  or 
slightly  changed,  and  the  matrix  has  flowed  around,  and 
become,  in  time,  fully  calcified. 

Seen  under  advantageous  circumstances,  e.g.,  in  sections 
which  have  been  carefully  ground  thin,  and  stained  by 
Golgi's  silver  chromate  method,  or  impregnated  with 
coloured  collodion,  the  spaces  vary  greatly  in  shape  and 
size.  Their  scalloped  edges  are  made  up  of  the  rounded 
or  oval  margins  of  spheres  of  calco-globulin  mutually 
pressed  together.  If  these  bodies  retain  their  rotundit)^ 
the  spaces  have  here  three,  four,  five,  or  mare  concavities 
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forming  their  outline,  the  semi-hmes  being  often  dissimilar 
in  size  arid  shape  ;  there,  they  have  a  lobulated  appear- 
ance ;  while  elsewhere,  by  the  process  of  union  of  two  or 
three'  spaces,  they  become  elongated  and  irregular.  In 
diameter  they  vary  from  2-5/x  to  4'2/x,  or  less. 

As  to  their  contents  they  are  generally  believed  to  hold 
in  their  interiors,  in  the  fresh  state,  soft  protoplasm  which 
fills  them  entirely.     Dentinal  tubules  often  traverse  them. 


Fig.       — Interglobular  spaces  crossed  by  dentinal  tubes.    Prepaied  by 
Weil's  process.    Magnified  240  times. 

Tomes  has  proved  this  by  noting  in  fragments  of  carious 
dentine,  that  the  tubules  which  cross,  not  only  contain  micro- 
organisms, but  have  themselves  become  occasionally  enlarged. 
The  protoplasm,  under  favourable  conditions,  undergoes  cal- 
cification, and  the  dentine  is  said  to  be  ar'eolated.^ 

Dentinal  tubules  may  terrriinate  in  the  inter-globular 
spaces. 

'  These  areolations  of  dentine  are  most  likely  perfectly  analogous  with  those 
irregularly-shaped  layers  made  up  of  solid  rounded  calcified  bodies  seen  occasionally 
near  the  surface  of  the  shafts  of  long  bones,  lying  in  their  osseous  laminrc.  They 
differ,  however,  in  the  fact  that,  whereas  the  former  betray  certain  developmental 
defects,  the  latter  mark  various  sites  of  absorption  and  re-deposition  of  bone. 
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In  dried  sections,  they  contain  air,  a  fact  which  is  easily 
demonstrated  by  soaking  thin  slices  of  dentine  in  coloured 
collodion,  which  runs  into  and  fills  every  part.  They  are 
therefore  in  dried  specimens  veritably  "spaces." 

(v)  The  Granular  Layer  of  Tomes 

In  the  radicular  portions  of  teeth,  and  beginning  at  the 
cervical  margin,  is  the  granular  layer.  It  stretches  as  a  fairly 
thick  black  or  grey  band,  round  the  roots,  at  the  periphery  of 
the  dentine  immediately  internal  to  the  cementum.  It 
presents  the  appearance,  under  low  powers,  of  a  line  of  black 
grains  of  sand.  Near  the  neck  of  the  tooth  the  layer  is 
narrow,  but  as  it  reaches  the  apical  foramen,  it  broadens  out 
considerably,  and  soon  is  more  pronounced.  This  is  not, 
however,  constant.  The  writer  possesses  a  section  in  which 
the  rows  of  interglobular  spaces  and  the  granular  layer  are 
coalescent  at  a  spot  immediately  subjacent  to  the  ending  ot 
the  enamel  at  the  cervical  region  ;  and  here  the  latter  is  very 
broad  and  marked.  In  some  sections  it  is  hardly  at  all 
visible. 

On  closer  examination,  these  multitudinous  dots  assume 
various  irregular  shapes.  Some  are  more  or  less  circular, 
others  oval ;  some  triangular,  others  quadrate ;  some  clavi- 
form,  others  stellate  ;  a  granule— in  a  word— represents  a 
compromise  between  an  inter-globular  space  and  a 
lacuna  in  pathological  cementum. 

Many  instances  are  noted  where  the  terminations  of  the 
dentinal  tubules  end  in  these  tiny  spaces  ;  and  when  canaliculi 
seem  to  lead  from  them,  they  can  be  traced  to  one  of  the 
ending-s  of  a  tubule. 

Approaching  the  apex  of  the  root,  the  spaces  increase 
greatly  in  numbers,  and  are  much  larger  and  more  irregular. 
Occasionally,  a  large  spindle-shaped  lacuna  may  be  found. 
The  layer  is  situated  in  a  matrix  of  dentine  which  is  dis- 
tinctly granular;  though  the  term  "  granular  layer"  refers 
obviously  to  the  spaces. 
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Their  contents,  according  to  Bodecker,  are  soft  protoplasm 
which  is  in  connection  with  the  contents  of  the  tubules  on  one 
side,  and  the  canaliculi  of  the  cemental  lacunse  (when  they 
exist)  on  the  other.  It  would  seem,  however,  that  it  is  by  no 
means  easy  to  prove  this  assertion.  The  granular  layer  is 
stained  with  the  utmost  difficulty  by  the  action  of  carmine  or 
any  of  the  other  basic,  acid,  or  aniline  dyes.  It  is  more 
likely  to  be  beyond  the  pale  of  nutrition. 


G  c 

Fig.  56. — The  granular  layer  of  Tomes.    Prepared  by  grinding  and  staining 
with   coloured  collodion.     Magnified  240   times,     D.  Dentine;  c. 
Cementum  ;   G.  Granular  layer. 

Bounding  the  granular  layer  externally  is  a  very  narrow 
strip  of  homogeneous  dentine  :  then  comes  a  dark  line — it  is 
nothing  more  than  that — which  forms  the  point  of  demarca- 
tion between  dentine  and  cementum.  The  homogeneous  zone 
and  this  line  are  devoid  of  any  structure  whatever. 

(vi)  Schirgcr's  Lines 

These,  sometimes  seen  in  horizontal  sections  of  dentine 
must  not  be  confounded  with  Schreger's  lines  in  enamel. 
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j-jg.  5?.— Same  as  the  preceding.    Magnilied  420  times. 


CJ.  Fig.  26. 
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Many  of  the  dentinal  tubes  as  they  course  outwards  form  the 
artificial  appearance  of  bands,  through  the  primary  curvatures 
passing  in  the  same  direction.  Thus,  Schreger's  lines  are 
merely  markings  which,  running  parallel  to  the  external 
edge  of  dentine,  are  produced  by  the  coincidence  of  the 
primary  curvatures  of  the  tubules,    (See  Fig.  58). 

They  are  well— perhaps  best— exhibited  in  sections  of  the 
ivory  of  the  tusk  of  walrus,  where  they  appear  to  be  due  to 
sudden  short  bends  or  twists  of  the  primary  curvatures, 
occurring  at  identical  places  in  their  lengths.  The  effect 
under  low  powers  is  a  much  striated  character  of  ihe  tissue. 

(vii)   Tlie  contour  lines  of  Ozven^ 

comprise  (i)  Schreger's  lines  in  dentine,  and  also  (ii)  rows  of 
so-called  "dentinal  cells."  Under  low  powers  these  rows 
resemble  lines,  particularly  in  human  molars  and  in  the  teeth 
of  Cetacea,  and  it  is  to  them  that  he  refers  when  he  describes 
then^'  as  "  contour  lines."  On  page  460,  he  says,  "  Both  the 
primary  and  secondary  curves  of  adjacent  tubes  are  parallel ; 
and  occasionally  the  tubes  make  a  short  bend  along  a  line 
parallel  with  the  outer  contour  of  the  crown,  giving  rise  to 
the  appearance  which  may  be  called  "  contour  lines,"  the 
parallelism  of  the  entire  tubes  being  affected  only  by  the 
amount  of  divergence  in  radiating  from  the  pulp  cavity." 
Again  (p.  464),  "  These  lines  are  not  equally  conspicuous  in 
every  tooth  ;  I  have  usually  found  them  most  so  in  the  molars 
of  the  human  subject,  where  without  being  regularly  equi- 
distant, they  have  presented  intervals  of  about  one  hundredth 
of  an  inch,  commencing-  at  thrice  that  distance  from  the 
periphery  of  the  dentine." 

With  regard  to  the  last-named  histological  formation,  i.e.^ 
the  "dentinal  cells,"  Owen  remarks,  "  In  many  teeth,  more- 
over, and  especially  in  the  tusks  of  the  elephant,  the 
secondary  branches  of  the  dentinal  tubes  dilate  into  inter- 
tubular  cells  along  lines,  which  in  like  manner  are  parallel 


1  Owen:  "  Odontograpliy." 
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to  the  coronal  contour  of  the  tooth  ;  hence  another  cause  ot 
the  appearance  of  concentric  lamellee,  and  of  the  actual  de- 
composition  of  such  teeth  into  super-imposed  lamelliform 
cones."  These  dentinal  or  "  calcigerous  cells,"  as  this  distin- 
guished author  also  designates  them,  form  many  layers  having 
a  certain  amount  of  parallelism  with  the  contour  of  the  pulp 


Fig.  59. — Contour  lines  of  Owen  in  dentine.    Vertical  section  of  Human 
molar.     Decalcified.     Stained   with  Khrlicli's   acid  hxmatoxylene. 
Magnified  40  times,    l,  Owen's  lines,  running  in  a  transverse  direction. 

cavity.  He  described  them  first  in  a  Report  to  the  British 
Association  in  1838  (vol.  vii.,  p.  144).  They  are  not  animal 
cells  in  the  modern  acceptance  of  the  term,  but  in  the  inter- 
spaces of  the  tubes  they  include  a  "  tubular  structure."  "  The 
intertubular  space  is  not  cellular,  but  clear  and  structureless." 
To-day,  histologists  would  prefer  to  think  of  them  as  repre- 
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senting  merely  the  calcified  outlines  of  what  might  have  been 
interglobular  spaces.  Owen's  contour  lines  were  seen  by 
Salter,'  who,  however,  prefers  to  call  them  "incremental 
lines,"  as  indicating  more  accurately  the  manner  in  which 
the  tooth  substance  is  built  up. 

(viii)  Lame  lice  or  LamincB 

Occasionally,  though  seldom,  vertical  sections  of  roots  oi 
human  molars,  when  ground,  reveal  very  clearly  certain 
markings  in  the  periphery  of  the  dentine.  Ranged  at  right 
angles  to  the  tubules,  and  running  concentrically  with  the 
pulp  chamber,  these  short  straight  stripes  are  very  numerous 
in  some  sections,  sharply  defined  and  bright  when  unstained, 
of  variable  length,  and  cross  the  tubes  near  their  extremities. 
They  are  non-pathological  in  origin,  and  are  not  artificially 
made  by  the  action  of  reagents.  Most  probably  they  re- 
present marks  of  stratification  during  the  development  of 
the  tissue. 

A  second  class  of  laminae  is  often  seen  in  the  matrix  of 
mature  dentine  when  decalcified  in  hydrochloric  acid,  and 
stained  with  haematoxylene.  Vertical-transverse  (labio- 
lingual)  sections  of  molars,  show  over  the  cornua  of  the  pulp, 
regularly-arranged  faint  shadings,  separated  by  brighter 
less-coloured  lines ;  and  in  the  cervical  and  radicular  regions, 
rounded  dots  (which  are  probably  the  same  as  Owen's  dentinal 
cells-)  of  darker  colour  near  the  pulp,  and  near  the  cementum. 
long  looped  lines  running  in  the  direction  of  the  tubes.  These 
long  lines  or  laminae  are  joined  at  their  distal  ends  by  delicate 
arcuate  markings,  the  concavities  of  which  always  look  to- 
wards the  pulp. 

Thus,  lamellae  in  dentine  include  two  groups:  the  former, 
short,  tube-like,  straight;  the  latter,  long  wavy  bands  and 
spherical  shadows,  and  lines  joined  by  an  arch. 

These  laminae  are  not  due  to  staining,  nor  are  they  optical 

'  "Dental  Pathology  and  Surgeiy,"  page  lo,  1874. 
Owen's  "  Odontography,"    PI.  xcv.  fig.  2,  also  cxiii.,  fig.  2,  and  cxix.,  fig.  i. 
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illusions.  The  first  group  obtains  in  natural  conditions; 
while  the  others  are  evidently  rendered  more  apparent  by 
decalcification,  and  more  striking-  by  staining.  They  both 
certainly  indicate  the  manner  in  which  calcific  deposition 
has  taken  place. 

F.  J.  Bennett,'  in  a  paper  on  "Certain  points  con- 
nected with  the  Structure  of  Dentine  ; "  has  described  lamina 
in  dentine  which  has  been  acted  upon,  for  some  length  of 
time,  by  glycerine.  In  certain  longitudinal  sections  the 
dentine  bordering  the  margin  of  the  pulp  cavity  "  presented 
a  ringed  appearance,  and  was  slightly  laminated."  This  was 
due  to  "  the  dentinal  tubes,  in  this  situation,  having  lost 
their  surrounding  intertubular  tissue,  which  left  them  clearly 
defined  ;  but  this  removal  of  the  matrix  had  not  completely 
freed  them.  Their  course  appeared  to  be  interrupted,  at 
regular  intervals,  by  layers  of  membrane  having  a  general 
direction  parallel  to  the  surface  of  the  pulp.  The  layers  of 
membrane  (laminae)  bore  a  general  resemblance  to  that  seen 
in  interglobular  dentine ;  in  this  case,  however,  circular 
apertures  and  not  solid  globules  occupied  the  surface  of  the 
membrane.  Oval  spaces  were  also  found  between  the 
layers  of  membrane."  Bennett  put  forward  the  following 
hypotheses,  as  being  the  explanation  of  such  phenomena  : — 

(a)  The  laminae  might  represent  a  part  of  the  matrix  of 
dentine,  which,  possessing  a  greater  power  of  resisting  the 
solvent .  action  of  glycerine  than  the  rest,  represents  a  new 
transitional  stage  or  phase  in  its  calcification;  or 

(b)  Unequal  expansion  or  contraction  of  certain  parts  of 
the  matrix,  producing  separation  of  the  layers  ;  or 

(c)  Evidences  of  cell  structure  in  the  matrix. 

SECONDARY  DENTINE 

Secondary  dentine  is  a  physiological  product.  In  the 
strictest  sense  of  the  term,  it  should  be  used  to  designate 
every  form  of  new  tissue  deposited  in  the  substance  or  on 

•  Trans.  Odonio.  Soc.  of  Gt.  Britaith.Vol.  .rxi.,p.  0, 1SS9. 
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the  surface  of  the  pulp,  which  occurs  after  full  development 
of  that  organ  and  of  the  dentine.  It  has  been  hitherto  used, 
however,  for  describing  both  physiological  and  pathological 
conditions,  Salter's^  patient  and  remarkable  investigations 
in  that  particular  portion  of  dental  pathology  which  deals 
with  degenerative  changes  in  the  dental  pulp,  led  him  to 
classify  all  forms  of  dentinal  deposition  as  secondary  dentine, 
and  in  a  sense  this  was  perfectly  correct.  But  the  term  seems 
to  require  a  more  definite  meaning ;  for  he  describes  under 
this  one  heading  three  kinds  : — "  Dentine  of  repair," 
"dentine  excrescence,"  and  "  osteo-dentine "  or  "intrinsic 
calcification." 

It  would  be  more  scientific  in  modern  days,  since  so  many 
varieties  of  pathological  dentine  have  become  known,  to 
restrict  the  expression  entirely  to  physiologically-constructed 
dentine  found,  e.g.  (i)  in  the  incisive  margins  of  the  per- 
sistently growing  teeth  of  Rodeniia,  etc.,  in  Man  (ii)  in  the 
accompaniments  of  old  age,  or  (iii)  the  deposits  sometimes 
found  in  long-retained  deciduous  teeth.  Senile  teeth  con- 
stantly possess  a  complete  mass  of  secondary  dentine 
occluding  the  pulp  cavity,  the  occurrence  of  this  having  been 
brought  about  in  a  physiological  manner.  As  a  non-patho- 
logical result  of  an  active  state  of  the  pulp,  secondary  dentine 
may  lastly  be  associated  with  (iv)  attrition,  abrasion  or 
fracture  of  the  teeth,  when  not  complicated  by  caries  of 
enamel  or  dentine. 


1"  Dental  Pathology  and  Surgery,"  chaps,  xi.  and  xii.,  1874. 
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THE  CEMENTUM 

Microscopical  Elements  :    (i)  Matrix ;    (ii)  Incremental  lines  ;  (iii 
Perforating  fibres. 

GENERAL  CHARACTERISTICS 

Definition. — The  thin  hard  substance  situated  immediately 
external  to  the  dentine  of  the  roots  of  teeth  of  Man  and 
many  animals. 

Origin. — It  is  a  product  of  the  osteoblasts  of  the  perio- 
dontal (alveolo-dental)  membrane,  i.e.,  the  thin  inner  layer  of 
the  dental  follicle. 

Disiribution. — In  the  great  class  ISIamnialia  cementum  or 
crusta  petrosa — a  former  appellation — forms  the  cortex  of  the 
radicular  dentine  :  but  also  in  the  ox,  horse,  elephant,  capy- 
bara,  and  other  animals,  it  not  only  unites  the  roots  of  teeth, 
but  before  attrition  has  taken  place,  exists  as  the  coronal 
integument. 

In  Man,  it  normally  measures,  in  width,  from  175/i.  to  250/i. 

It  is  rarely  found  in  the  teeth  of  Pisces  and  Rcptilia ;  and  is 
absent  from  the  roots  of  anchylosed  teeth  generally. 
Ovarian  teeth  also  do  not  possess  it. 

Macroscopical ^^//^-rtr^wf^^.— Whitish-yellowin colour,  smooth, 
dull,  line  of  junction  with  enamel  pronounced  and  darker 
than  rest  of  cementum. 
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The  structures  calling  for  special  microscopical  attention  in 
this  the  least  important  of  all  the  hard  dental  tissues  of  man, 
are,  (i)  Matrix,  or  basis-substance  ;  (ii)  Incremental  lines ; 
and  (iii)  Perforating  canals  and  fibres. 

(i)  The  Matrix 

The  matrix  or  basis-substance  makes  up  the  greater  part 
of  the  tissue.  It  extends  as  a  narrow  non-vascular  lamina  round 
the  roots  of  teeth  external  to  the  granular  layer  of  dentine, 


Granular_/ 


layer 


Jjentiue 


Fig.  60. — Granular  appearance  of  cemental  matrix.     Magnified  1,000  times. 
Photomicrograph  by  Norman  Broomell, 

beginning  at  the  cervical  region  and  covering  over  the  apices 
of  the  roots,  though  like  the  dentine  it  is  discontinuous  at  the 
apical  foramina.  Its  relationship  to  enamel  has  already  been 
alluded  to  ;  its  relationship  to  dentine  is  such  as  to  make  it 
difficult,  if  not  at  times  impossible,  to  determine  where  the 
one  begins  and  the  other  ends.  Often  no  sharp  line  of  de- 
marcation— as  in  the  case  of  enamel  and  dentine— exists. 
The    general    appearance    of   this    tissue    varies  very 
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much-thus  it  may  be  hyaline,  finely  granular,  or  even 
made  up  of  bodies  of  an  amorphous  type. 

It  is  capable  at  times  of  being  stained,  especially  at  its  outer- 
most part.  Normal  cemental  matrix,  in.  young  and  old  sub- 
jects IS  therefore  nearly  structureless.  Roots  of  simple  teeth 
unaffected  by  morbid  processes  show  this  thin  layer,  which 
maintains  the  same  degree  of  thinness  throughout  its  whole 
extent.  In  the  case  of  bi-rooted  premolars  or  in  molars,  how- 
ever, there  is  a  tendency  for  it  to  become  slightly  thicker  on 


Fig.  6i. — Same  as  preceding.  Magnified  420  times,  d.  Dentine  ;  C.  Cementum. 

their  alveolar  or  inner  aspects.  In  old  age  it  is  somewhat 
thicker.    (See  Chapter  XVI) 

But  in  every  section  of  structureless  cementum,  faint  shad- 
ings of  a  slightly  different  refractive  index  to  other  parts  of 
the  tissue  can,  on  careful  examination,  be  clearly  differentiated. 
Normally  they  are  but  feebly  revealed.  These  shadings  are 
arranged  in  two  ways :  The  more  pronounced  run  parallel 
to  the  periphery,  and  without  doubt  represent  immature 
incremental  lines :  the  others,  which  are  very  numerous,  cross 
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\l  c 

Fig.    03. — Perforating  canals  and  fibres   in   cementum.     Prepared  by 
grinding.    Stained  with  chloride  of  gold.    Magnified  40  times,  c. 
Cementum  ;  h.  The  homogeneous  layer ;  u.  Dentine. 
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Fig.  64. — Cementum.    Prepared  as  in  last  figure.    Incremental  lines  and 
homogeneous  layer  well  defined.    Magnified  400  times.    L.  Incremental 
lines  ;  H,  Homogeneous  layer, 


Fig  65. -Longitudinal  lamella.-  of  cementum,  shewing  numerous  vnricosi- 
"  ties.  ■  Magnified  1,000  limes,    pbotomicrograph  by  Norman  Broomell. 
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fhe  first^named  at  right' angles.  Both  classes  can  be  observed 
in  vertical  as  well  as  horizontal  preparations.  (Fig.  64). 
■  In  thus  describing  the  minute  organisation  of  this  tissue, 
the  writer  would  like  to. emphasize  the  fact, that  in  his  opinion, 
formed  as  the  result  of  the  examination  of  many  sections, 
the  cementum  of  the  teeth  of  man  is  usually  free  from  lacunae 
and  canaliculi,  being  nothing  more  nor  less  than  a  dense,  solid, 
nearly  homogeneous  band  of  calcified  basis-substance,  ex- 


Big.  66.-.Stnated  cementum  from  radicular  region  of  tootb,  near  apex  to 
shew  the  complex  character  of  the  thicker  tissue,  viz.  :-"The  lonoitu- 
dmalstiiK,  transverse  fibres,  cement-corpuscles  and  zones  of  apparently 
unbroken  granular  matrix."     Magnified  loo  times.  Photomicrograph 
by  Norman  Broomell. 

tending  round  the  roots.  The  teeth  of  monkeys  and  sheep 
(root  portions)  have  been  inspected  microscopically;  and 
here,  as  in  man,  it  exists  as  a  thin  strip  almost  devoid  of  his- 
tological elements,  such  as  those  characteristic  of  bone.  In 
the  opossum  and  certain  other  marsupials,  however,  a  thick 
layer  of  cementum  is  found  sufficiently  often  to  be  practically  a 
characteristic  of  this  class.  The  reader  is  referred  to  page  121 
in  this  connection.    This  lack  of  lacunee  in  normal  cementum 
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has  also  been  observed  by  Otto  Walkhoff  [op.  cit.  pp.  142,  143) 
and  figured  by  him  in  Plates  v.  and  ix. :  both  statement  and 
photographs  having  been  brought  to  the  notice  of  the  writer 
since  the  preceding  lines  were  penned. 

But  one  of  the  after-effects  of  a  morbid  change  or  a  series 
of  morbid  changes  in  the  alveolo-dental  periosteum — however 


Fig  67  —To  shew  partial  calcification  of  the  incremental  lines.  Magnified 
1,000  times.    Photomicrograph  by  Norman  Broomell. 

slight,  is  the  stimulation  ot  the  otherwise  quiescent  osteo- 
blasts',to  deposit  osseous  material  on  the  periphery  of  the  tissue: 
and  lacunae  are  then  formed,  imprisoning  the  osteogenetic 
cells  A  single  lacuna  may  not  infrequently  be  observed 
situa"ted  near  the  granular  layer  of  Tomes  ;  and  this  would 
indicate  abnormal  processes  going  on  about  the  tune  rhe 
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earliest  deposited  cementum  is  completed.  There  is,  there- 
fore, under  healthy  conditions,  no  chain  of  living  matter 
joining  the  pulp  to  the  periodontal  membrane. 

(ii)  Incremental  Lines 

represent  the  marks  of  stratification  during  development. 
They  look  like  sinuous  unbroken  lines  placed  in  a  fairly 
regular  and  uniform  manner  one  over  the  other.  Sharply 


Fig.  68. — Transverse  section  of  an  adult  premolar  near  apex,  to  shew  the 
varying  disposition  of  the  lamellae.  The  incremental  lines  follow  the 
surface  of  the  dentine,  "  As  the  centre  of  the  area  is  approached,  this 
regularity  is  much  interfered  with, some  of  the  lamella;  being  discontinued, 
others  greatly  thickened,  while  the  field,  taken  in  its  entirety,  suggests 
anything  but  regularity  in  the  laying  down  of  the  different  strata. 
Magnified  60  times.  A.  Granular  layer  of  Tomes.  Photomicrograph 
by  Norman  Broomell. 

marked  off  from  the  rest  of  the  matrix,  at  times,  and  running 
in  a  parallel  direction  to  the  long  axis  of  the  root,  they  give 
rise  to  a  lamellated  structure.     (Fig.  65). 

In  young  cementum  the  lamellas  correspond  in  number 
over  all  portions  of  the  root,  the  only  difference  being  that 
they  are  much  thinner  at  the  cervical  than  at  the  apical 
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region :  in  adult  cementum  their  width  is  greater,  and  they 
are  usually  more  numerous  in  the  latter  than  the  former 
situation/    (Norman  Broomell.) 

The  term  "  Incremental  lines  "  was  introduced  by  Salter, 
("  Dental  Pathology  and  Surgery,"  1874),  and  includes  the 
laminations  sometimes  found  in  enamel  (but  not  the  brown 
striae  of  Retzius,  or  Schreger's  lines),  the  contour  lines  of 
Owen  in  dentine,  and  the  layers  of  strat  ification  in  cemen- 
tum. 

P.  Stohr  ("  Text-book  of  Histology,"  Wurtzburg,  1901)  says 
that  "  Cementum  coincides  in  its  structure  with  that  of  bone, 
but  Haversian  canals  are  found  only  in  that  of  older  indi- 
viduals.''   This  is  probably  an  erroneous  statement. 

(iii)  Perforating  Canals  and  Fibres 

In  close  juxtaposition  to  the  band  of  homogeneous  tissue 
which  borders  the  dentine,  and  running  at  right  or  acute 
angles  to  it,  in  adult  normal  cementum,  there  can  be  com- 
monly seen  thick  bundles  of  connective  tissue  fibres  and 
broad  irregular  canals.  In  this  way  the  homogeneous  layer 
is  bounded  internally  by  the  granular  layer,  externally  by 
groups  of  perforating  canals  and  fibres.  The  former  are  few 
and  irregularly  curved  in  an  outward  direction,  and  may 
occasionally  extend  half-way  through  the  thickness  of  the 
cementum.  The  writer  has  found  some  of  them  supplied  with 
tiny  filamentous  branches.  The  latter  on  high  magnification 
are  seen,  in  sections  prepared  by  Weil's  process,  to  consist 
of  myriads  of  bundles  of  blackish  strands.  They  are  short 
and  thick,  and  remind  the  observer  of  the  odontogenetic  fibres 
of  dentine  matrix.    Their  outer  extremities  may  enter  the 

canaliculi.    (Fig.  69).  _ 

Black  considers  them,  and  seemingly  with  sound  scientific 
reasonableness,  to  be  the  calcified  or  semi-calcified  remains 
of  the  "  principal  fibres  "  of  the  periodontal  membrane. 

Sharpey's  fibres,  penetrating  from  without,  may  be  noted 
.  • '  The  Histology  of  Cementum."    The  Denial  Cosmos,  Vol.  xl. ,  p.  J"^' ^^98  •. 
also  Broomell'f  -Anatomy  and  Histology  of  the  Mouth  and  leeth, 

p.  432,  1902. 
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Fig.  69. — Longitudinal  section  of  cementum.  Prepared  by  Weil's  process. 
Shews  the  perforating  canals  and  fibres.  Magnified  420  times.  C. 
Cementum  ;  G.  Granular  layer  ;  H,  Homogeneous  layer  ;  D.  Dentine. 


Fig.  70.— Sharpey's  fibres  of  cementum.    Magnilied  800  times.  Unstained. 

C.  Cementum  slightly  hyperplasic. 
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in  some  sections  of  cementum  where  the  hard  and  soft  parts 
have  been  prepared  and  preserved  in  situ.  They  are  very 
short  straight  or  slightly  curved  bundtes  of  fibrils,  the  main 
characters  of  which  agree  with  white  fibrous  tissue,  while 
some  may  be  of  the  nature  of  elastic  tissue.  They  are 
identical  with  the  perforating  fibres  in  the  lamella  of  bone. 


Ceiiiental 
fibres  ' 


Fig.  71. — Perforating  fibres  passing  from  the  outer  margin  of  the  first- 
deposited  cementum  outwards   "until  the  next  incremental  line  is 
reached,  at  \\hicli  point  they  gradually  disappear,  but  recur  in  the 
succeeding  lamellae."    Magnified  1,000  times.    A.    Primary  or  oldest 
layer  of  cementum.    Photomicrograph  by  Norman  Broomell. 

In  cementum  they  occupy  the  interiors  of  slightly  truncated 
canals. 

As  will  be  seen,  Sharpey's  fibres  are  entirely  distinct 
structures  compared  to  the  perforating  fibres  described  above. 
Normal  cementum  is  non-vascular ;  but  there  would  seem 
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to  be,  in  the  majority  of  cases,  fine  protoplasmic  fibrils  which 
traverse  the  boundary  fine  between  dentine  and  cementum. 

Norman  Broomell,  in  the  excellent  study  already  men- 
tioned, would  recognise  in  the  tissue  under  consideration 
three  zones  or  layers,  not  always  discernible  but  fairly  con- 
stant. The  inner,  first-formed,  is  granular,  unbroken,  and 
continuous  with  the  granular  layer  ;  the  intermediate  con- 
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Fig,  72. — Fibres  passing  in  a  direction  almost  parallel  to  the  surface,  and 
towards  the  apex  of  the  root.    Magnified  300  times  Photomicrograph 
by  Norman  Broomell. 

tains  many  lacunae  ;  and  the  outer  or  youngest  exhibits 
many  sinuous  incremental  lines.  As  the  tissue  becomes  more 
fully  calcified  the  lacunas  disappear,  and  the  zone  possesses 
many  of  the  histological  characters  of  the  oldest  layer. 
Tomes  describes  this  last  layer  in  thick  cementum  as  a 
"  glassy  film,  denser  than  the  subjacent  portions,"  and 
considers  it  closely  similar  to  the  globular  formations 
characteristic  of  dentine  in  an  early  stage  of  development. 
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rigi  73. — ^Fibres  springing  from  the  granular  layer  of  Tomes,  at  regular 
intervals,  and  penetrating  the  cementum  at  right  angles  to  the  incre- 
mental lines.    Magnified  500  times.     A,  The  circumferential  fibres 
of  Broomell.    Photomicrograph  by  Norman  Broomell, 


Fig.  74.— Stmfctureless  cementum  of  a  deciduous  tooth.      Prepared  by 
'grinding.  Unstained.  Magnified 200 times,  d. Dentine;  c.  Cementum. 
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Underwood,  in  "Aids  to  Dental  Anatomy  and  Physi- 
ology," p.  49,  1902,  says  : — "The  outermost  layer  of  cementum 
is  structureless :  .  .  .  vi^hen  young,  globular  forms  may 
be  traced  in  its  substance." 

It  is,  however,  perfectly  obvious  that  he  still  inclines  to 
the  belief  that  normally  this  tissue  contains  lacunae  and 
canaliculi. 

Cementum  in  deciduous  and  supernumerary  teeth  is 
relatively  thinner  than  that  of  the  permanent  series.  It  is 
nothing  more  than  a  very  narrow,  structureless  band. 
(Fig-  74)- 


CHAPTER  VI 


THE    HISTOLOGY   OF    THE    MAXILLARY  AND 
MANDIBULAR   BONES  ^ 

Microscopical  Elements  in  :  (i)  Bone  of  Canine  fossa  ;  (ii)  Interdental 
septa  ;  (iii)  Hard  Palate;  (iv)  Wall  of  Antrum  ;  (v)  Angle  of  Mandible  ; 
and  (vi)  Alveolar  process. 

The  hitherto  published  descriptions  of  the  minute  structure 
of  the  osseous  framework  of  the  lower  face  and  jaw, — such 
structures  as  are,  in  a  word,  in  direct  anatomical  relation- 
ship and  continuity  with  the  teeth  of  man, — have  necessarily- 
been  given  only  very  infrequently ;  but  in  addition  to  this, 
the  descriptions  which  have  appeared  in  text-books  and 
journals  have  taken  for  granted  that  the  histology  of  these 
particular  bones  corresponds  with  that  of  tabular  and  irregular 
bones  in  general. 

To  make  this  contribution  complete,  a  few  forewords  are 
necessary  and  advisable. 

GENERAL  CHARACTERISTICS 

Origin. — The  manner  in  which  the  mandible  is  developed 
is  twofold,  cartilaginous  and-membranous.  It  is  only  neces- 
sary to  briefly  mention  the  following  centres  of  ossification 
which  have  been  described  by  Bland-Sutton  in  Trans. 
Odonto.  Society  of  Great  Britain,  1883  :— i,  " /^tf/zA//;:)',"  placed 

iThis  chapter  appeared  oiiginallv  in  the  pages  of  The  Dental  Cimnos  and  is 
here  reproduced  through  the  kind  courlesy  of  the  publishers  of  that  journal. 
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below  the  future  mental  foramen  ;  2,  condyle  ;  3,  coracoid 
process; 4,  angle;  ^,7nenio-mechclinn, Sitihe  chin, and  6,a.splemal 
centre.  The  first  five  having  become  fused  by  an  osseous 
network,  the  last-named  appears  immediately  above  Meckel's 
cartilage  and  the  mandibular  nerve,  on  the  under  aspect  of 
the  developing  jaw.  This  centre  of  ossification  extends 
downwards,  and  joins  the  dentary,  after  atrophy  of  Meckel's 
cartilage.  Along  the  splenial  centre  the  tooth  germs  are 
developed.  Centres  of  ossification  begin  in  the  membrane 
on  the  outer  surface  of  Meckel's  cartilage  ;  also  in  the  mem- 
brane in  the  inner  surface  of  the  sockets  of  the  teeth.  Each 
maxilla  is  developed  from  centres  which  arise  in  membrane. 

Distfibiition. — Both  forms  of  bone,  known  as  compact 
(smooth,  dense,  and  ivory-like)  and  cancellated  or  spongy 
(rough,  open,  and  soft)  are  met  with  in  the  jaws.  The  former 
is  found  covering  each  surface  both  of  maxillae  and  mandible, 
the  latter  constituting  the  intervening  tissue,  which  in  the 
case  of  the  lower  jaw  is  similar  to  the  diploe  of  the  cranial 
bones.  The  compact  forms  a  somewhat  thicker  shell  or 
crust  on  the  external  and  internal  surfaces  of  the  mandible 
than  on  any  portion  of  the  maxillae. 

HISTOLOGY 

Before  considering  the  special  histology  of  the  bones  of  the 
jaws,  a  brief  description  of  the  structure  of  osseous  tissue 
generally  must  be  given. 

Bone  of  the  jaw,  as  bone  elsewhere,  consists  of  a  calcified 
fibrous  ground-substance  or  matrix  arranged  as  lamellae 
around  spaces  of  varying  shape,  size,  and  contents  which 
everywhere  penetrate  it  in  all  directions.  Of  these  the 
following  are  to  be  noted  ;  (a)  Haversian  systems,  (b)  lamella?, 
(c)  periosteum,  and  (d)  Sharpey's  fibres. 

(a)  An  Haversian  system  consists  of  an  Haversian  canal, 
several  lamella,  with  numerous  lacunae  and  canaliculi. 

Interpenetrating  everywhere  are  short  longitudinal  pas- 
sages or  tubes  which  in  cross_ section  appear  as  rounded  or 
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oval  apertures,  and,  longitudinally  cut,  like  short,  straight, 
or  slightly  curved  spaces  of  fairly  regular  diameter  through- 
out. These  are  the  Haversian  canals.  Tlie  largest  may 
measure  loo/i,  in  width,  the  smallest  20/i.,  the  average  size 
being  about  50/x. 

They  are  surrounded  by  lamellse,— thin  bands  of  bony 
material  arranged  concentrically  round  each  canal.  Dark 
and  light  alternate,  the  difference  in  the  refraction  being  due 
to  the  fact  that  the  opaque  lines  are  occasioned  by  the 
calcified  fibrils  running  longitudinally,  and  the  clear  zones 
by  their  running  transversely.  In  consequence,  the  ends 
only  of  the  fibrils  are  cut  across.    (See  Fig.  81). 

Situated  between  these  lamellae  are  bone-lacunae  with  their 
canaliculi.  The  first  are  flattened  branched  spaces,  which 
may  measure  14/x  in  their  greatest  diameter.  (Stirling, 
"Outlines  of  Practical  Histology,"  1893).  In  dried  specimens 
they  look  like  myriads  of  tiny,  dark,  fusiform  specks  arranged 
with  fairly  uniform  regularity  between  the  lamellae,  and  fully 
connected  with  each  other  and  with  the  Haversian  canals  by 
means  of  many  long,  narrow  tubes  or  canaliculi  which  cross 
the  lamellae.  Each  cavity  is  filled  with  or  contains  a  bone- 
cell  with  a  large  oval  nucleus,  as  first  described  by  Virchow. 
These  are  homologous  with  those  of  ordinary  connective 
tissue.  The  wall  of  each  lacuna  is  formed  of  some  substance 
which  resists  the  action  of  decalcifying  reagents  in  a  similar 
manner  to  the  sheaths  of  Neumann  in  dentine. 

The  contents  of  an  Haversian  canal,  in  the  recent  state, 
comprise  several  capillaries;,  small  arteries  and  veins,  a 
bundle  of  nerve-fibrils,  and  a  few  lymphatic  vessels,  all 
imbedded  in  fine  connective  tissue,  which  is  surrounded 
externally  by  a  tough  lining  membrane  possessing  properties 
identical  with  those  which  obtain  also  in  the  membranous 
lining  of  the  walls  of  the  lacunae. 

(b)  In  addition  to  the  concentric  lamella?,  others  arranged 
parallel  to  the  surface  of  the  bone,  are  called  "  circumferential  " 
or  "  peripheric  "  ;  while  a  third  set,  when  found  between  the 
Haversian   systems,    are  commonly  spoken  of  as  "  inter- 
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mediary."    Their  structures  differ  in  no  particular  from  the 
concentric  lamellae. 

(c)  The  periosteum  can  be  well  studied  microscop- 
ically in  sections  where  the  hard  and  soft  parts  have  been 
retained  in  situ.  Bony  periosteum  consists  of  two  layers,— 
an  outer,  made  up  of  white  fibrous  tissue,  and  an  inner,  of 
the  same  with  fine  yellow  elastic  tissue  fibres  in  addition.  In 
developing  bone,  osteoblasts,— small,  cubical,  nucleated  cells, 
—are  also  present  in  this  inner  layer. 

(d)  Sharpey's  perforating  fibres  are  noticed  in  thin  strips 
of  decalcified  bone  near  the  surface.  They  thus  run  in  from 
the  deep  surface  of  the  periosteum  and  pierce  the  peripheric 
lamella?  in  a  perpendicular  or  oblique  direction.  The  fibrous 
bundles  are  of  varying  lengths,  and  taper  gradually  to  their  free 
extremities.  They  are  fasciculi  of  fibrils,  probably  of  white 
fibrous  tissue  ;  though  it  has  recently  been  shown  that  many 
of  them  are  elastic  fibrils.  When  they  do  not  become 
calcified  they  shrink  and  leave  tubes  in  the  channels  in  the 
dry  bone.  Sharpey  also  first  demonstrated  the  presence  of 
decussating  transparent  fibrils  which  constitute  the  main 
part  of  the  lamellae.  (See  Fig.  8i).  In  this  way,  in  bone, 
Sharpey's  discoveries  include  both  perforating  and  decussat- 
ing fibres,  the  former  being  bundles  of  fibrils,  the  latter  an 
exceedingly  delicate  network  of  fibres.  In  dental  histology 
Sharpey's  fibres  are  the  fibres  which  run  from  the  periodontal 
membrane  into  the  cementum ;  while  his  homologous  fibres 
in  dentine  matrix  were  originally  seen  and  described  by 
von  Ebner""  and  later  by  J.  Howard  Mummery. 2 

Turning  now  to  the  minute  structure  of  several  typical 
portions  of  the  bones  of  the  jaws,  it  will  suffice  to  point  out 
their  distinguishing  features. 

(i)  Bone  of  Canine  Fossa 

In  vertical  lateral  sections  of  the  bone  of  a  young  subject 
(age  ten  and  a  half  years),  it  is  found  that  the  greater  part  of 

1  "  Handbuch  dcr  Zahnhcilkunde,"  Vienna,  1890-91. 
=  Philos,  Trans,  lloyal  SocUiy  of  London,  1S9L 
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75. — Vertical  section  of  the  bone  of  the  canine  fossa;  from  a  dried 
specimen.      Magnified  45  times.    Unstained.      Shews   its  general 
histological  features.    The  dark  masses  are  crowds  of  lacunae,  the 
lighter  portions  the  ground  substance. 


76.— Granularitv  of  the  osseous  matrix  of  the  noor  of  the  canine  fossa. 
Magnified  750  times.    Unstained.    A  few  canals  caii  be  seen  at  the 

sinister  corner. 
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the  tissue  is  composed  of  a  dense  osseous  substance,  but  very 
scantily  supplied  with  Haversian  systems.  Large  areas  of 
bone  are  quite  devoid  of  either  lamellae,  lacunae,  or  canaliculi. 
(Fig.  75),  The  matrix  is  distinctly  coarsely  granular  (see 
Fig.  76),  and  has  in  it  an  indefinite  number  of  short  canals, 
the  majority  of  which  do  not  always  communicate  with 
lacunae.  These  tiny  tubular  spaces,  probably  in  the  recent 
state,  contain  connective  tissue  fibrils,  as  they  are  too  minute 
for  the  conveyance  of  blood-cells  or  even  serum.    They  are 


0  0. 


Fig  77.— Inermous   lacunas  from  a  dried   specimen  of  the  floor  of  the 
canine  fossa.    Magnified  750  times.    Unstained.    In  the  matrix  a  few 
short  canals  can  be  seen. 

most  marked  and  most  numerous  in  the  neighbourhood  of  the 
lacuna?,  the  canaliculi  of  which  they  somewhat  resemble. 
Varying  in  length,  their  diameter  measures  about  i/x  Several 
are  shown  in  the  photomicrograph  Fig.  76. 

The  Haversian  lamella,  when  they  do  occur,  are  but  feebly 
marked.  They  do  not  present  the  usual  microscopical 
characteristics  of  other  bones,  being  very  irregularly  disposed 
in  position  and  in  shape,  size,  and  constituents. 

The  lacuna  are  massed  together  without  order  or  regu- 
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larity.  Many  are  spherical  in  shape  and  absolutely  unlike 
those  of  well-constructed  compact  bone,  the  majority  being 
provided  with  short  coarse  offshoots,  though  great  numbers 
are  quite  inermous.  This  last  fact  is  of  great  interest,  and 
probabl}'  has  also  some  pathological  significance.  These 
lacunae,  as  is  well  shown  in  Fig.  77;  do  not  possess,  and  they 
probably  never  did  possess,  canaliculi ;  their  outlines  are 
sharply  defined  rounded  or  oval  contours,  and  under  low 


Fig,  78._Venical   section  of  the  bony  septum  between  two  maxillary 
premolars.    Magnified  40  times.  Unstained. 

magnifications  rather  simulate  dentinal  tubes  cut  transversely. 

In  addition  to  the  granular  matrix,  the  substance  of  the 
bone,  thin  though  it  is,  contains  numbers  of  broad  channels 
of  great  length,  which  may  perhaps,  during  life,  act  as  venous 
carriers  of  the  blood  or  give  passage  to  lymphatics.  Possess- 
ing no  histological  or  physiological  interest,  they  occur 
sufficiently  commonly  in  this  situation  to  warrant  a  passing 
reference. 
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(ii)  TI1.C  Interdental  Septa 

These  are  composed  of  cancellated  bone  the  lattice-like 
character  of  which  differs,  in  no  material  degree  from  spongy 
bone  elsewhere.  The  lamellae  are  arranged,  as  a  rule,  in 
lines  parallel  to  the  edges  of  the  large  openings  in  the  bone. 
The  lacunce  are  very  numerous  ;  a  few  are  inermous,  but  by 
far  the  greater  number  possess  canaliculi.    (Fig.  78). 


Fig.  79.  —  Sagittal  section  of  the  substance  of  the  hard  palate.  Magnified 
250  times.    Unstained.    The  photograph  exhibits  the  fusiform  shape 
of  the  lacunas  in  the  lamella;,  and  the  rounder  spaces  elsewhere  ;  also 
the  connective  tissue  stroma  of  the  matrix. 

In  the  recent,  state,  the  large  open  spaces  in  the  bone  are 
filled  with  quantities  of  red  medullary  tissue,  viz. — delicate 
branching,  retiform  tissue  supporting  the  marrow  cells  of 
Kolliker,  and  small  coloured  nucleated  cells  many  of  which 
undergo  sub-division  by  karyokinesis. 

(iii)  Hard  Palate 

Vertical  antero-posterior  sections  of  the  roof  of  the  mouth 
at  the  articulation  of  the  palatal  process  of  the  maxillary 
with  the  horizontal  plate  of  the  palate  bones,  near  the  sutural 
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line,  all  reveal  the  characteristics  of  dense  osseous  tissue 
thickly  crowded  with  lacunaB  and  canaliculi  (Fig.  79),  and  also 
several  longitudinal  spaces  of  large  dimensions  filled  with 
marrow.  The  long  axes  of  the  lacunae  are  more  or  less 
parallel  to  the  long  axes  of  the  cancelli. 

(iv)  A^asal  Wall  of  Anlruvi  of  Highmore 
Here,  as  in  the  bone  which  constitutes  the  floor  of  the  canine 


Fig.  80.— Radiating  connective  tissue  fibres  in  the  matrix  of  the  bone  of 
"  the  wall  of  the  maxillary  sinus.    Magnified  250  times.  Unstained. 


fossa,  the  matrix  is  very  coarsely  granular,  and  contains  in 
places  long  markings,  which  are  evidently  the  remains  of  the 
connective  tissue  stroma.  (Figs.  80  and  81.)  The  lacuna, 
which  are  exceedingly  scanty,  do  not  present  the  usual 
characteristics,  being  spherical  or  oval  when  viewed  from 
above.  (Fig.  82).  Some  are  concavo-convex  as  seen  in  side 
section.  Again,  the  canaliculi  are  but  very  indifferently 
formed. 


THE  MAXILLARY  AND  MANDIBULAR  BONES  lOl 

(v)  Angle  of  Mandible 
Examination  of  tlie  structure  of  vertical  transverse  sections 
exhibits,  best  of  all,  the  pervious  parts  of  the  bones,-the 
regular  disposition  of  the  Haversian  systems,  and  the  peri- 
pheric and  intermediary  lamelUe.  The  first  are  not  very 
numerous,  and  are  seen  mainly  in  cross  section.  The 
peripheric  lamellee  are  comparatively  long,  and  the  line  of 
demarcation  between  the  individual  lamella?  very  marked. 


Fig.   8r. — Perforating  libres  running  lengthwise  through  the  matrix  of 
the  bony  wall  of  the  maxillary  sinu=.   Magnified  8oo  times.  Unstained. 
The  cut  extremities  of  descussating  fibres  appear  as  white,  round  dots. 


(Fig".  83).  Strong  lines  of  calcified  connective  tissue  fibres 
can  be  observed,  here  and  there,  closely  welding  together 
the  intermediary  lamellae  even  in  bones  of  adult  life  (age 
thirty-five  years).  Internal  to  the  free  surface  of  the  jaw,  the 
cancellated  tissue  follows  very  much  the  lines  already  laid 
down. 

Vertical  lateral  preparations  of  the  same,  show  absence  of 
Haversian  systems,  but  multitudes  of  lacunar  and  canaliculi, 
and  many  radiating  bands  of  calcified  fibres. 
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Fig.  82.  — Inermoiis  laciinre  amongst  peiToiaiing  fibres.     Bone  of  antral 
wall.    Magnified  250  times.  Unstained. 


Fig. 


83. — Vertical  Eeclion  of  tlie  angle  of  the 
specimen.  Magnified  50  times.  Unstained, 
general  structure.  At  the  upper  part  of  the 
lamella.-  are  seen  at  the  free  edge  of  the 
lamcllx  between  the  Haversian  systems 


mandible ;  from  a  dried 
The  section  shews  the 
figure  the  long  peripheric 
bone,  with  intermediary 
At  the  lower  part  of.  the 


fi-'ure  the  commencement  of  the  cancellous  diploi-like  portion  is 
sp^Jjarated  from  the  external  surface  by  the  dense  layer  of  dark  compact 

bone. 
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Fig.  84, — General  stiuctuie  of  the  bone  of  the  alveolus;  from  a  recent 
specimen.    The  canceUous  spaces  and  contents  are  too  darkly  'stained 
to  show  any  structure.'  Magnified  40  times.  '  Stained  with  fuchsin. 


[■ig.  85. — Transverse  section  of  the  alveolus  in  sHu  ;  from  a  dried  specimen. 
Magnified  40  time?.    Stained  with  borax-rarmire.     In  the  upper  part 
of  the  photograph  is  the  free  edge  ;   below,  the  dentine  and  cementum, 
with  the  pcriodonl!iil  membrane  intervening. 
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86. —  Perforating  fibres  of  the  alveolus,  passing  into  the  periodontal 
membrane.    Magnified  Soo  time?.  Unstained, 


87,    Lacunar  and   canaliculi   in  the  bone  of  the  alveolar  process. 
Magnified  250  times.  Unstained 
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(vi)  Alveolar  Process 

Here  are  found  all  ttie  appearances  of  soft  cancellous  bone, 
with  Haversian  systems  and  lacunae  well  marked.  (Figs.  84 
and  87).  The  cancelli  run  longitudinally  in  the  same  direction 
as  the  long  axes  of  the  teeth.  Osseous  tissue  is  dense 
externally  (see  Fig.  85) ;  and  the  perforating  fibres  are  very 
strong  and  of  great  length.    (Fig.  86). 


CHAPTER  Vli 


ST  RUCTURAL  MODIFICATIONS  OF  THE  ENAMEL, 
DENTINE  AND  CEMENTUM 

Microscopical  Elements  in  the  Enamel  of  :  (i)  Rodeniia  ;  (ii) 
Sirejjia.    (iii)  TUBULAR  Enamel,    (iv)  Plici-dentine  ;  (v)  Vaso- 
DENTiNE  ;  and  (vi)  Osteo-dentine.  Cementum. 

Students  of  comparative  anatomy  need  not  be  reminded 
that  that  subject  is  full  of  interest  with  regard  to  the  modified 
forms  of  teetli,  not  only  in  number  and  shape  but  also  in  size 
and  function.  It  is  not  surprising,  then,  that  the  minute 
structure  of  the  masticatory  organs  of  the  lower  vertebrates 
not  infrequently  differs  very  remarkably  from  that  of  man. 
As  was  hinted  in  Chapter  III.,  enamel  may  be  found,  in  some 
instances,  clear  and  structureless,  in  others,  presenting  a  most 
complicated  pattern.  Here  will  be  briefly  considered  the 
chief  variations  in  the  histology  of  the  enamel,  dentine  and 
cementum  met  with  in  the  vertebrates.  Tomes'  "  Manual  of 
Dental  Anatomy  "  will  ever  remain  the  standard  work,  and  to 
this  and  to  Owen's  "  Odontography"  readers  are  referred  for 
elaborated  details. 

atypal  variations  of  enamel 

Among  Mavimalia  the  order  Rodcntia  supplies  many 
instances  of  modification  in  structure  of  this  tissue.  These 
variations  may  be  a  provision  on  the  part  of  nature  to  render 
the  free  surface  and  incisive  margin  of  the  teeth  particularly 
strong.  Taking  the  Families  in  their  proper  anatomical  order, 
brief  reference  can  only  be  given  to  the  histology  of  the  enamel 
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of  (i)  the  MtiHdd',  mouse,  rat,  &c.  r-(ii)  Casioridce,  beaver  ;  (iii) 
Soricidce,  squirrel-  (iv)  HystricidcB,  porcupine;  and  (v) 
Leporidcc,  rabbit,  hare.  In  Rodentia,  generally  speaking, 
the  large  incisors  are  frequently  pigmented  a  deep  orange 
colour.  According  to  Tomes,  the  colour  is  situated  in  the 
substance  of  the  enamel  itself 

Enamel  invests  the  anterior  and  lateral  aspects  of  the 
teeth  and  is  thicker  in  the  former  than  in  the  latter 
situation. 


\ 


A 


K 


Fig.  88. — Vertical  section  of  a  persistently-growing  scalpriform  tooth  of  a 
rodent.    Prepared  by  grinding.  Stained  with  borax-carmine.  Magni- 
fied 240  times.     Shews  striation  of  enamel  rods.      K.  Enamel ;  i). 
Dentine  ;  A.  Amelo-dentinal  junction. 

(i)  In  the  rat  the  straight  columns  are  arranged  in  a  parallel 
direction,  and  are  placed  at  an  acute  angle  with  the  surface  of 
the  dentine.  This  is  seen  in  the  accompanying  photograph 
(Fig.  88).  Each  rod  is  not  only  very  striated  but  is  also  deeply 
indented,  and  by  making  serrations  with  its  neighbours 
renders  the  tissue  remarkably  dense  and  difficult  to  fracture. 
'  (ii)  The  enamel  of  heaver  exhibits  a  lattice-like  arrange- 
ment of  the  rods.  Longiiiidinally  zwt^  ihe  enamel  rods  are 
"  inclined  upward  towards  the  apex  of  the  tooth,  at  an  angle 
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of  60  deg.,  then,  after  passing  through  about  half  the  thickness 
of  the  enamel,  they  turn  up  abruptly  again,  so  that  they  are 
approaching  parallelism  with  the  dentine,  here  making  an 
angle  little  less  than  30  deg.  with  it.  It  follows  from  this 
that  no  transverse  section  can  show  very  plainly  the  direction 
of  the  prisms  in  both  parts  of  their  course.  The  most 
instructive  transverse  section  is  one  cut  parallel  with  the 
layers  near  to  the  dentine;  this  will  plainly  show  the 
successive  layers  passing  to  the  right  and  to  the  left  just  as 
in  the  squirrel ;  but  the  yet-more-inclined  fibres  of  the  outer 
half  of  the  enamel  will  then  be  cut  across  obliquely. 
•  .  .  .  As  regards  the  decussation  of  the  prisms  of 
ultimate  layers,  it  is  similar  to  that  of  the  Soricidce,  but  it 
differs  in  the  laminae  being  slightly  flexuous  instead  of 
pursuing  perfectly  straight  lines."  (Tomes). 

(iii)  An  apparent  division  into  inner  and  outer  portions 
is  exhibited  in  the  enamel  of  the  squirrel.  Here,  the  rods 
are  continuous  through  all  the  thickness  of  the  tissue,  but, 
running  in  different  directions  when  viewed  either  vertically 
or  horizontally,  produce  a  complex  pattern. 

"  In  the  former  they  leave  the  dentine  at  right  angles  to 
its  surface,  and  after  traversing  two-thirds  of  the  enamel, 
suddenly  bend,  and  form  an  angle  of  4Sdeg.  with  their  original 
course  :  in  the  latter,  they  are  arranged  in  horizontal  layers, 
each  layer  a  single  prism  in  thickness.  In  alternate  layers 
the  prisms  pass  to  the  right  and  to  the  left,  crossing  those  of 
the  next  layer  at  right  angles,  and  thus  making  a  pattern  of 
squares  in  the  inner  two-thirds  of  the  enamel.  In  the  outer 
third,  where  the  prisms  bend  abruptly  upwards,  those  of 
superimposed  layers  no  longer  pass  in  opposite  directions, 
but  are  all  parallel;  in  fact,  no  longer  admit  of  distinction 
into  alternate  laminae."  (Tomes). 

(iv)  Individually  flexuous  rods  are  found  in  the  enamel  of 
the  porcupine,  the  courses  of  which  are  not  confined  to  one 
plane.  At  the  periphery  of  the  tooth  the  rods  run  in  a 
parallel  direction. 
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(v)  Parallel,  slightly  curved  enamel  columns  are  constant 

in  the  teeth  of  hares- 

In  the  order  Sirenia,  of  which  the  manatee  is  an  example, 
the  enamel  rods  run  in  a  perfectly  straight  course,  and  are 
not  flexuous.    This  is  therefore  a  very  simple  type. 

Simpler  variations  still  are  found  in  Pisces.  Some  Families, 
e.g.,  eel,  hake,  &c.,  have  a  homogeneous  type  of  enamel  which 
exists  as  a  tiny  free  structureless  point  on  the  dentine.  The 
majority  of  fishes,  however,  probably  possess  a  system  of 
tubes  which  pass  either  partially  or  wholly  through  the 
enamel. 

Tubular  Enamel 


GENERAL  CHARACTERISTICS 

Definition.— A.S  the  expression  implies,  the  enamel,  instead 
of  being  a  solid  mass  of  rods  and  basis- substance,  presents  a 
tubular  structure. 

Origin.— The  tubes  are  produced  through  the  failure  of 
calcification  of  the  central  zones  of  the  rods  formed  by  the 
ameloblasts  of  the  enamel  organ. 

Distribntion.—K  class  characteristic  of  Marsupials  (except 
the  wombat),  but  found  also  in  some  examples  of  Pisces,  e.g., 
Sargiis,  barbel,  porbeagle  shark,  and  certain  Insectivora 
(soricidae)  and  Rodentia,  such  as  jerboa,  &c. 

HISTOLOGY 

The  chief  point  ot  interest  is  the  presence  of  a  system  of 
tubular  canals  in  the  substance  of  the  tissue.  These  may  be 
very  extensive  and  numerous,  or  very  short  and  few  ;  and  be 
confined  to  the  inner  or  cortical  aspects  of  the  enamel  or  in 
its  intermediate  portions. 

It  has  already  been  shown  that  in  human  enamel  dentinal 
tubes  often  cross  the  amelo-dentinal  junction,  to  end  either 
coecally  or  else  in  the  enamel-spindles.  But  in  addition  to 
these,  comparative  anatomy  furnishes  many  instances  where 
other  tubes  occur.  Dentinal  tubes  pass  across  the  boundary 
and  run  into  the  enamel  in  marsupials  [e.g.,  kangaroo). 
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In  many  fishes,  the  passage  of  these  tubes  from  the 
dentme  takes  place,  but  the  canals  grow  smaller  in  calibre  as 
they  approach  the  enamel  cortex,  which,  however,  they  do  not 
reach.  Tomes  describes  and  figures  (^/.  dt.  pp.  33  and  34) 
enamel  from  the  tooth  of  a  fossil  shark  in  which  the  tubes 


Fig.  89.— Sagittal  section  of  Incisoi-lilce  tooth  of  Sargus  Ovis,  shewing 
tubular  enamel.    Prepared  by  grinding,  •  Unstained.    Magnified  about 
10  times.    K.  Enamel ;  d.  Dentine. 

pierce  both  the  inner  and  outer  zones.  In  Sargiis  Ovisy 
and  Cestracion  they  likewise  penetrate  from  the  surface. 

The  tubes  are  found  in  the  longitudinal  axes  of  the  enamel 
rods,  not  in  the  basi.s-substance ;  and  their  courses  are  generally 
fairly  straight  and  parallel.    In  Sargiis,  nevertheless,  after 


STRUCTURAL  MODIFICATIONS  OF  THE  HARD  TISSUES  lU 

peripheral  penetrations  and  running  at  right  angles  with 
the  surface,  they  suddenly  bend  at  an  obtuse  angle  with 
their  course.    (See  Fig.  goj. 

It  is  difficult  to  offer  a  satisfactory  explanation  of  the 
presence  of  these  enamel  tubes,  but  the  opinion  expressed 
by  Tomes  is,  no  doubt,  correct. 

Thus  (p.  37)  he  writes  If  all  enamel,  in  its  develop- 
ment, passes  through  a  tubular  stage,  then  these  are  merely 


Fig.  90. — Same  as  preceding.    Magnified  240  times. 

arrests  of  complete  development  and  perpetuations  of  a 
stage  which  is  transitory  in  placental  mammals." 

Paul's  views  are  not  in  accord  with  those  of  Tomes.  In 
an  article  in  The  Dental  Record,  p.  496,  i8g6,  this  author 
observed  :— 

"  If  we  admit  the  general  principle  that  all  spaces  or  tubes 
in  enamel  are  between  and  not  within  the  prisms,  then  the 
structure  of  genuine  tubular  enamel  seems  less  difficult  to 
understand.  It  is  clear  that  any  imperfect  approximation 
of  enamel  cells  must  leave  spaces  between  the  prisms  which 
can  only  be  filled  with  an  indefinite  intercellular  substance, 
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or  possibly  by  further  prolongations  of  dentine  matrix,  and 
in  neither  case  is  it  likely  that  sudi  interprisniatic  matter 
would  become  calcified  ;  because  on  the  one  hand,  it  is  too 
far  removed  from  the  influence  of  the  odontoblasts,  and  on 
the  other,  because  the  calcifying  energy  of  the  ameloblasts 
is  almost  entirely  expended  upon  their  own  internal  petri- 
faction.    I  would  therefore  suggest  that  tubular  enamel  is 
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Fi„  ni  _  Transverse  section  of  a  rostral  tooth  of  Prisiis.     Prepared  by 
grinding.    Stained  with  coloured  collodion.    Magnified  about  lO  times. 

an  enamel  in  which  there  is  an  excessive  amount  of  inter- 
cellular substance  only  imperfectly  calcified,  and  much  as  it 
looks  like  tubular  dentine,  it  is  really  formed  on  an  exactly 
opposite  plan.  The  one  is  a  negative  and  the  other  a  posi- 
tive picture.  In  dentine  the  cells  occupy  the  tubes,  and  the 
intercellular  substance  becomes  the  solid  calcified  matter ; 
in  enamel  the  tubes  are  represented  by  the  intercellular  sub- 
stance, whilst  the  cells  become  the  solid  calcified  matter. 

But  it  must  be  confessed  that  Paul's  remarks  seem  hardly 
quite  apposite  in  this  connection,  based  as  they  are  on  the 
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probably  incorrect  hypothesis  that  odontoblasts  form  dentine 
matrix.  The  syllogism  he  uses  is  faulty,  inasmuch  as  the 
premises  are  not  generall}'-  accepted,  and  are  open  to  a 
different  interpretation. 


VARIETIES    OF  DENTINE 

Tomes  has  classified  Dentine  as  Hard,  or  unvascular 
dentine,  sufficiently  described  in  Chapter  IV.,  plici-dentine, 
vaso-dentine,  and  osteo-dentine.  This  is  considerably  more 
scientific  than  that  found  in  the  writings  of  Owen,  who 
somewhat  confuses  the  two  last-named  varieties.  Thus  the 
older  palaeontologist  described  vaso-dentine  as  being  com- 
posed of  coarse  channels  containing  cells,  vessels,  and 
nerves  of  the  pulp — obviously  the  osteo-dentine  of  the  later 
author.  By  limiting  the  expression  vaso-dentine  to  those 
forms  in  which  blood-vessels  only  permeated  the  dentine, 
Tomes  has  cleared  away  many  conflicting  conceptions. 


Plici-dentine 

{Phon.  Plissi-denteen  :  pUco—1  fold) 

Definition.-"  Kr\  ordinary  dentine  with  its  surface  folded  up 
and  wrinkled  into  a  greater  or  less  degree  of  complexity." 
(Tomes). 

Histologically  considered,  the  dentine  is  hard,  and  un- 
channelled  except  by  tubes  which  radiate,  as  usual,  more  or 
less  at  right  angles  to  the  pulp  cavity. 

If  a  pulp  chamber  be  merely  indented  externally,  or  if 
portions  of  the  dentine  are  somewhat  invaginated,  or  the 
pulp  itself,  instead  of  being  simple  in  outline,  has  several 
prolongations,  no  longer  does  a  cylindrical  pulp  cavity  result 
but  one  with  folded  outlines. 

This  obtains  in  the  teeth  oi  the  Selac lie  maxima  {^^^\^m^ 
shark),  or  Ichthyosaurus. 

In  Lepidostcns  the  upper  part  of  the  tooth  consists  of  a 
simple  single  pulp  chamber,  with  plicated  walls,  while  at  its 
base  there  are  several  pulp  chambers  running  longitudinally. 
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Fi^,  92. — Transverse  section  near  base  of  tooth  of  AnavvhJcas  lupits. 
Shews  the  plicated  outlines  of  the  dentine.    Magnified  45  times.  From 
a  specimen  in  the  collection  of  Sidney  Spokes. 


Fig,  93— A  form  of  Plici-dentine.     Transverse  section  of  tooth  of  an  ex- 
*  tinct  crocodile  ( Teleosaur  un).     Prepared  by  grinding.  Unstained. 
Magnified  240  times. 
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and  variable  in  size,  each  always  having  radiating  dentinal 
tubes.  The  peripheral  pulp  cavities  run  in  straight  lines  in  a 
centrifugal  direction.  And  so  also  in  AnarrJiicas  htpits  (Fig.  92). 

If  these  straight  lines  become  tw^isted  or  curved  or  branched, 
a  much  more  complex  pattern  is  produced,  as  in  the  extinct 
reptiles  LabyrintJwdon,  LeptognatJms,  and  Dendrodiis  Bipor- 
catus;  also  an  extinct  Crocodile. 


Fig.  94.— The  same  as  the  preceding.     Longitudinal  section.  Magniiied 

240  times. 


Many  teeth  are  composed  of  groups  of  vertical  denticles 
or  primary  pulp  canals  with  radiating  dentinal  tubules.  The 
periphery  of  each  system  occasionally  blends  almost 
imperceptibly  with  those  of  neighbouring  denticles.  Thus 
a  pretty  pattern  is  seen  in  both  horizontal  and  vertical 
sections.  The  teeth  of  the  rostrum  of  Pristis,  of  an  extinct 
hippopotamus,  Myliohatcs,  Zygobates,  and  others  reveal  this 
In  the  first  condition  each  dentinal  system  is  permeated  with 
hbnls  from  the  central  pulp.  The  dentine  is  hard  and 
unvascular,  but  not  plicated. 
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Vaso-dciiliiie 


Another  variety  of  this  dental  tissue,  in  which,  broadly 
speaking,  there  are  no  tubules  as  such,  is  vaso-dentine.  As 
the  term  implies,  it  is  a  vascular  dentine.  Extending  outwards 
through  the  matrix  is  a  series  of  moderately  sized  canals  or 


Fie        -Sagittal  section  of  an  inle. maxillary  io^Ah  o{  Anavrhicas  UiMS. 
Prepared  by  g.inding.     Unstained.     Magnified  about  lo  times.  The 
mass  of  the  tooth  is  occupied  by  vaso-dentme. 

channels  of  nearly  uniform  calibre  throughout,  each  filled 
with  a  capillary  from  the  pulp. 

The  channels  run  in  the  same  direction  as  the  tubes  in  hard 
dentine-that  is,  radially.  A  little  below  the  free  surface  of 
the  tooth  their  distal  extremities  are  formed  by  loops,  the 
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convexities  of  which  are  outwards.  Dried  sections  some- 
times show  thorn-like  processes,  running  laterally  from  the 
vascular  canals.    (See  Fig".  96). 

The  matrix  of  the  dentine  itself  is  slightly  laminated. 

Vaso-dentines  are  found  in  many  fishes— hake,  cod, 
Sorgiis,  flounder,  haddock.  &c.,  in  the  former  of  which  the 
canals  are  numerous,  in  the  latter  scanty.    The  dentine  of 


Fi^.  96. — Vertical  section  of  tooth  of  i/criwcf(/s  rwZf/c/r/s  (Hake).  Prepared 
by  Weil's  process,  with  the  substitution  of  Golgi's  method  of  staining. 
Magnified  250  times.    Shews  the  vascular  channels  in  the  dentine,  with 
their  so-called  "  thorns,'  and  the  laminated  matrix  of  the  dentine. 

the  first-named  is  tubeless.  The  teeth  of  manatee  and 
MegatJierium  possess  vascular  canals  as  a  normal  charac- 
teristic. 

Osieo-cienttne 

In  its  general  histological  configuration,  osteo-dentine 
closely  approximates  to  that  of  compact  bone,  but  the  inter- 
mediary and  peripheric  lamellae  are  wanting.  Its  irregular 
spaces  are  analogous  to  the  Haversian  canals  of  true  bone. 
They  contain,  however,  in  this  case,  not  medullary  tissue,  but 
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pulp  with  round  osteoblastic  cells  lining  the  walls  in  young 
developing  specimens. 


Fig.  97. — Vertical  section  of  base  of  tooth  of  Crtrc/i«?7'a.s'.  Osteo-dentine. 

jMagnilleil  50  times. 

Osteo-dentine  is  found  in  the  teeth  of  fishes,  of  vviiich  it  may 
form  the  whole  or  part;  as  in  the  photomicrograph  (Fig.  97). 
In  typical  instances,  when  longitudinally  cut,  it  is  made  up 
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Of  more  or  less  parallel  trabecular,  Which  extend  through  the 
substance  of  the  tooth,  traversing  the  pulp  tissue  and  dividing 
it  into  great  numbers  of  pulp  cavities.    There  is  no  very 


ITja,  98,— Longitudinal  section  of  ankylosed  tooth  of  Esox  lucivs  (Pike). 
I'repaied  by  the  Author's  pi  ocess.  Stained  with  Ehrhch's  acid  hrematoxy- 
lene.  Shews  osteo-dentine.  The  full  growth  of  the  osteo-dentine  is 
incomplete,  a  few  elastic  rods  remaining  in  the  centre  of  the  tooth. 
Magnified  about  10  times.  a.  Apex  of  tooth  composed  like  the 
periphery  of  the  dentine  ;  n.  Bone  of  attachment  ;  E.  Elastic  rods,  or 
uncalcified  trabecule ;  i\  Fn\p  in  silu  ;    M,  Soft  issues  of  the  mouth. 

regular  tube  system,  otherwise  the  result  of  this  sub-division 
into  minor  pulp  cavities  would  be  a  flat  form  of  plici-dentine 
in  which  the  denticles  are  placed  side  by  side  in  a  regular 
and  uniform  manner. 
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In  the  osseous  matrix  lacunee  are  sometimes  found,  and  the 
dentine  is  more  or  less  permeated  by  minute  canaliculi.  Many- 
variations  from  this  type  exist.  The  structure  of  the  teeth  of 
Lmiina  (Porbeagle  Shark)  may  be  cited  as  an  example. 
Tomes  [op.  cit.  p.  80)  describes  it  as  follows: — "In  the  osteo- 


ITj.  on  -Verticnl  section  of  tooth  o{  Eso  v  hicius.     Prepared  by  decalci- 
ficatioD.  Pulp  tissue  not  retained  in  situ.    Stained  with  borax-cavnnne. 
Magnified  40  limes,  o.  Osteodentine ;  n.  Bone  of  attachment. 

dentine  medullary  canals  of  varying  size  run,  with  a  direction, 
roughly  speaking,  parallel  to  the  long  axis  of  the  tooth, 
anastomosing  with  one  another;  and  from  their  sides  wavy 
bundles  of  fine  tubes  radiate  but  do  not  run  far  ;  that  is  to 
say  its  dentinal  tubes  do  not  radiate  from  any  one  central 
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pulp  chamber,  but  form  an  indefinitely  large  number  of 
canals." 

Recent  Classification  of  the  Varieties  of  Dentine 

Dr.  Rose,  of  Leipzig,  has  recently  attempted  a  new  classi- 
fication of  Dentine,  and  his  communications  to  dental  science, 
in  these  as  in  other  matters,  are  always  interesting.  Thus  he 
distinguishes : — 

(i)  Pure  or  Ortho-dentine,  a  term  suggested  by  von 
Kupffer. 

(ii)  "  Trabecular,"  or  rod-like  dentine. 

(iii)  Osteoid  dentine. 

(iv)  Bone  dentine. 

(i)  Pure  dentine  is  a  hard  tissue  with  a  smooth  surface,  of 
unilateral  growth,  being  developed  under  an  epithelial 
sheath  or  enamel  organ. 

This  includes  the  following  sub-divisions  : — 

(«)  Tuhdar  dentine,  i.e.,  normal  tissue  containing  the 
canals  for  the  reception  of  protoplasmic  cell 
processes. 

{b)  Vitro-dentine,  i.e.,  tubeless  and  structureless,  with  no 

protoplasmic  filaments  whatever. 
[c)  Vaso  dentine,  i.e.,  containing  blood-vessels. 

(ii)  Trabecular  dentine,  corresponding  to  the  "osteo- 
dentine  "  of  Tomes,  is  a  new  term  introduced  by  R5se,  who 
defines  it  as  "  a  hard  tissue  with  numerous  short  protoplasmic- 
bearing  dentinal  canals,  capable  of  increase  of  growth  in  all 
directions,  but  not  growing  immediately  beneath,  or  in  de- 
pendence upon  an  epithelial  sheath." 

This  variety  is  probably  formed  similarly  to  intra-meni- 
branous  ossification  of  bone.  Thus,  in  the  interior  of  the 
pulp  cavity,  at  an  early  period  of  development,  arise  rod-like 
tracts  of  closely-aggregated  round  cells.  Within  these  tracts 
or  columns,  the  first  rudiments  of  structureless  dentine  are 
laid  down  exactly  after  the  manner  of  the  formation  of  the 
first  layers  of  compact  or  cancellous  bone.     Single  columns 
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grow  and  .ncrease  m  length  and  diameter.  They  thicken  at 
.he  expense  of  the  pulp  tissue,  become  fused  in  places,  and 
exh.bu  fine-tubed  dentinal  systems.  Ultimately  with  the 
completion  of  the  growth  of  the  tooth,  instead  of  there  being 
one  pulp  cavity,  there  are  many  wide  tubular  canals  con- 


C  I) 
Fig.  lOO, — Vertical  section  of  the  ceivical  region  of  a  molar   tooth  of 
Didiiph.ys  Virginiana  (Opossum).  Prepared  by  grinding.  Unstained. 
Magnified  45  times.    D.  Dentine;   E.  Enamel;   C.  Normal  lacunated 

cementum. 

taining  pulp  tissue  radiating  in  every  case  in  a  centrifugal 
manner. 

The  first  formed  parts  of  the  rods  are  structureless,  and 
these  are  designated  by  this  author  as  vitro-frahccitlar 
den  i  me. 
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(iii)  Osteoid  dentine  is  a  hard  tissue  growing  in  all  directions  ; 
contains  no  protoplasmic  enclosures  ;  sometimes  forms  pure 
bone  tissue;  sometimes  trabecular  dentine. 

(iv)  Bone  dentine,  or  Osteo-dentine,  is  a  transitional  form, 
between  bone  on  the  one  hand  and  dentine  on  the  other  ; 
contains  both  bone  corpuscles  and  dentinal  tubules,  each 
carrying  a  protoplasmic  fibril. 

MODIFICATIONS  OF  CEMENIUM 

Little  need  be  recorded  about  this.  It  is  sufficient  here  to 
point  out  that  the  normal  cementum  of  some  of  the  Marsupial 
mammals  [e.g.,  the  opossum,  see  Fig.  100),  does  contain  promi- 
nent well-shaped  lacunae  and  canaliculi.  Not  only  are  the  spaces 
of  fairly  uniform  size,  and  the  canaliculi  of  regular  calibre  and 
length,  but  the  arrangement  in  layers  or  series  is  wonderfully 
parallel.  Deposition  of  the  tissue  with  inclusion  of  cemental 
corpuscles  has,  doubtless,  proceeded  without  deviations 
from  the  original  and  earliest  formed  layer.  The  cementum, 
therefore,  forms  naturally  a  thick  coating  to  the  roots  of  the 
teeth,  and  comparison  with  the  lacunated  hyperplasic  cemen- 
tum of  the  teeth  of  man  cannot  fail  to  have  a  striking  and 
convincing  effect  on  the  mind  of  the  astute  and  experienced 
observer. 


CHAPTER  VJII 


THE    DENTAL  PULP 

Microscopical  Elements  :— (i)  Odontoblasts  ;  (ii)  Pulp  cells  proper;  (iii) 
Fibrous  stroma  ;  (iv)  Basal  layer  of  Weil  ;  (v)  Arteries,  Veins,'  and 
Capillaries  ;  (vi)  Medullated  and  Non-medullated  Nerves. 

GENERAL  CHARACTERISTICS 

Definition. — The  soft,  vascular,  and  sentient  organ  which 
occupies  the  central  portions  of  teeth,  being  naturally 
bounded,  on  all  sides,  by  dentine,  which  thus  constitutes  its 
cavity. 

Origin. — In  Alan  and  Matnvialia  it  is  the  ultimate  forma- 
tion of  the  dental  papilla,  which  is  itself  derived  from  the 
stomodoeal  parietal  mesoblast  (somatopleur). 

Distrihutton. — All  the  calcified  teeth  of  fishes,  reptiles,  and 
mammals  have  pulps. 

Macroscopical  Appearances. — A  soft,  thin,  flattened,  whitish 
organ,  with,  occasionally,  lines  of  pink  running  in  a  longitu- 
dinal direction  if  removed  from  its  bony  cavity  before  fosi- 
mortem  changes  occur. 

Its  measurements  in  upper  permanent  adult  teeth  are  as 
follow  : — 

Greatest  average  width,  sagittally  and  midwa}''  between 
apex  of  root  and  incisive  or  morsal  edge:  First  incisors, 
1*5  mm.;  canines,  2-5  mm.;  first  premolars,  3-5  mm.  ;  second 
premolars,  3-8  mm. ;  and  molars,  5  mm. 

Greatest  average  length:  First  incisors,  19  mm.;  canines, 
19-5  mm.  (in  a  coronal  direction,  23  mm);  first  premolars, 
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Fig.  loi. — Longitudinal  section  tlirough  the  cornual  region  of  a  3'oung  adult  molar, 
the  dentogenetic  zone  of  which  is  on  the  point  of  calcilication.  The  pulp  is  in  silio. 
Prepared  by  the  Author's  process.  Stained  with  Ehrlich's  acid  ha:matoxylene. 
Magnified  80  times,  D.  Dentine  ;  1'.  Pulp  tissue  incornu  of  tooth  ;  D.z.  Dentogenetic 
zone  ;  o.  Odontoblasts  ;  B.L,  Basallayer  of  Weil  ;  T).  Bloodvessels  ;  N.  Nerve  bundles, 
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Fig.  102. — Transverse  sectiou  of  an  adult  canine,  with  the  pulp  in  situ. 
Prepared  by  the  Author's  process.    Stained  with  rubine.  iMagnified 
45  times,    o.  Dentine;    P.  Pulp  tissue  proper;   O, ,  O.j,  O3,  odonto- 
blast layer ;  a.   Artery ;  V.  Vein  ;    m.  Medullaled  nerve  bundle. 


The  narrowest  diameter  of  the  j^ulp  in  the  section  of  which  Fig.  102  is  a  photo- 
micrograph, measured  i"5  mm,  ;  the  widest  diameter  3'35  mm. 
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17  mm.  ;  second  premolars,  15  mm. ;  molars  about  15  mm.  ; 

third  molars,  11 '5  mm.  _ 

For  purposes  of  description  it  is  advisable  and  convenient 
to  arbitrarily  divide  the  pulp  as  well  as  the  pulp  chamber 
into  the  (i)  coronal  region~the  most  distal  portion  which 


Fig.  103. — Similar  to  the  preceding  figure,  but  stained  with Ehrlich's  acid 
hcematoxylene.     Magnified  45   times.    B.E.B,  Blood  vessels   in  the 
basal  layer  of  Weil. 

projects  into  the  crown  of  the  tooth ;  (ii)  the  cornual  region 
indicating  one  of  the  pointed  or  rounded  extremities  of  the 
coronal  region ;  (iii)  the  cervical  ;  and  (iv)  the  radicular 
regions — that  is,  at  the  neck  and  in  the  roots  of  teeth 
respectively. 
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HISTOLOGY 

The  dental  pulp  is  a  delicate  connective  tissue"  consisting 
of  ramified  cells  imbedded  in  a  slightly  fibrous  stroma  and 
granular  transparent  basis  substance,  and  is  plentifully 
supplied  with  blood-vessels  and  nerves. 

Examined  microscopically  the  several  parts  of  the  tooth 
pulp  of  man  exhibit  objects  of  profound  interest  and  impor- 
tance—of interest  because  so  many  debatable  and  debated 
theories  circle  around  the  cells  and  nerves,  and  of  importance 
because  on  its  integrity  depends  the  life-history  of  the  tooth. 
To  systematically  study  them,  the  subject  may  be  divided 
into  descriptions  of  (A)  its  cellular  elements,  (B)  its  connective 
tissue  stroma  or  framework,  (C)  its  vascular  supply,  and  (D)  its 
nervous  system. 

A 

The  CelhUar  Elements 

The  cells  of  the  dental  pulp  fall  naturally  into  two  classes : 
of  these  the  former  is  the  more  important  when  full  growth 
of  the  organ  has  taken  place  ;  the  second  during  its  develop- 
mental periods.  A  cursory  examination  of  an  adolescent  or 
adult  pulp  shows  that  two  kinds  of  cells  stand  out  clearly 
distinct  from  each  other — the  peripheral  prominent  layer, 
the  so-called  odontoblasts,  and  the  central,  smaller,  less 
conspicuous  pulp  cells.  The  latter  should  be  termed  "  Odonto- 
blasts," inasmuch  as  it  is  their  function  to  build  the  matrix 
of  dentine ;  while  the  former  might  be  known  as  "  pulp 
corpuscles,"  signifying  different  work.  See  footnote  on 
page  49,  also  the  Appendix. 

As  bearing  upon  this  point  the  statement  of  Rose,  of 
Leipzig,  may  be  recalled.  He  says  [loc.  cit.)  :  "  The  odon- 
toblasts of  pure  dentine  have,  like  the  formative  cells  of 
'  trabecular  '  dentine,  quite  the  appearance  of  osteoblasts.  If 
one  wishes  further  to  distinguish  odontoblasts  from  osteo- 

1  It  is  said  to  be  similar  to  tlie  jelly-like  conneclivc  tissue  of  tlic  early  embryo, 
which  in  the  case  of  the  umbilical  cord  persists,  ami  is  called  the  jelly  of  Wharton. 
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blasts,  and  chooses  not  to  make  use  of  the  commonly- employed 
term  '  scleroblasts  '  introduced  by  von  Klaatsh,new  and  concise 
definitions  must  be  introduced.  It  would  be  commendable 
in  the  future  to  define  only  those  dentine-forming  cells  that 
range  themselves  along  an  epithelial  sheath  as  '  odontoblasts,' 
quite  indifferently,  whether  one  refers  to  multangular  cells 
below  or  cylindrical  cells  above.  Hence  the  word  '  odonto- 
blasts '  belongs  only  to  those  formative  cells  of  true  dentine. 
The  formative  cells  of  'trabecular'  dentine  and  bone  tissues, 
which  ^  have  never  had  any  connection  with  an  epithelial 
sheath  should,  on  the  other  hand,  be  defined  as  osteo- 
blasts." 

(i)  The  Cells  of  the  Memhrana  Ebon's  of  Kdllikcr  or  the 

Odontoblasts 

All  along    the   periphery   of   young    or    mature  pulps, 
arranged  like  a  palisade  in  a  single  row,  is  a  collection  of 
large,  columnar  epitheloid  cells.    This  layer  is  most  marked 
at  the  coronal  portion  of  the  pulp,  and  becomes  appreciably 
less  distinct  at  the  cervical  portion,  while  in  the  region  of 
the  root  it  is  practically  invisible.    It  is  jnost  clearly  seen 
in  the  developing   teeth  of  kittens    and    other  embryos, 
as  well  as  in  complete  sagittal  longitudinal  sections  of  young 
and  adult  human  pulps,  although  in  the  latter  the  columnar 
character  of  the  layer  has   disappeared.      In  transverse 
sections,  too,  this  layer  is  visible,  and  it  is  not  difficult  to 
say  with  accuracy  from  which   portion   of  the  pulp  the 
particular  section  has  been  taken.     A  closer  inspection 
reveals  the  fact  that  the  membrana  eborisAs,  composed  of  cells 
— the  so-called  odontoblasts-,  'a  term  suggested  by  Waldeyer 
in  1870,  and  generally  adopted  since  that  time.    In  young 
pulps  it  consists  of  a  single  row  of  cells  ;  in  adult  speci- 
mens several  rows.    These  cells  are  of  the  utmost  interest 
and  moment.    They  will  be  described  with  regard  to  shape, 
size,  relationships,  structure,  processes,  and  analogies. 

(a)  An  odontoblast,  generally  speaking,  in  its  very  earliest 
phase  of  development,  is  represented  by  a  large  oval  nucleus, 
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104.-  The  stiuclure  of  the  pulp  tissue.    Prspare.d  by  Weil's  process. 
Magnified  250  times 


I  OS—Same  as  tlie  preceding.    Prepared  by  the  Author's  process. 
Magnified  250  times.    C.  A  Capillary. 
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.  io6. — Odontoblasts  on  the  surface  of  the  pulp.    Prepared  by  fixing 
and  hardening  in  formalin  and  alcohol,  and  cutting  on  an  ether-freezing 
microtome.    Stained  with  chloride  of  gold.    Magnified  250  times. 
To  shew  the  enormous  length  of  the  dentinal  processes  of  the  cells. 


7.— Young  odontoblasts  from  a  developing  tooth  germ.  Magnified 
250  times,  o.  Odontoblasts. 
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devoid  of  visible  protoplasm  (Paul).  It  may  be  recognised 
without  difficulty,  when  about  one-fourth  its  normal  size.  "  It 
thei;  consists  of  a  large  oval  nucleus  situated  at  its  extreme 
base,  with  a  short  pyramid  of  protoplasm  reaching  towards  the 
surface,  and  displacing  the  fibres  of  the  surface  pulp  cells  on 
either  side.  At  this  time  it  possesses  no  dentinal  fibre, 
merely  ending  in  a  blunt  point,  though  no  doubt  some  deli- 
cate invisible  protoplasmic  processes  are  given  off." 

Later  on,  but  while  still  young,  and  during  its  period  of 
greatest  activity,  an  odontoblast  is  a  large  bipolar,  nucleated, 
epitheloid  cell,  more  or  less  columnar  in  sliape.    This  varies 
considerably  in  the  same  specimen,  and  ranges  from  that  of 
a  mere  thin  cord  with  bulbar  terminations  to  that  of  a  pear 
or  banana,  as  Underwood"  has  recently  likened  it.  Many 
cells  are  carrot-shaped,  many  caudate.    Some  are  short  and 
thick,  some  long  and  thin ;  some  have,  as  is  well  known, 
square  dentinal  ends,  others  rounded  extremities.    But  it 
would  appear  that  those  found  in  fully-grown  pulps  are  more 
or  less  pyriform  in  shape,  while  those  in  older  specimens  are 
reduced  often  to  a  thin  fibrous  bundle.    A  point  worthy  of 
notice  is  the  fact  that  cells  in  the  same  plane— the  same 
section— differ  much  in  conformation.    Where  the  pulp  is 
constricted  or  flattened  laterally,  there  the  odontoblasts  are 
thick  and  short ;  in  the  place  where  the  pulp  is  broadest, 
however,  they  are  long  and  thin.    Moreover,  in  the  latter 
situation,  in  adult  pulps,  they  have  enlarged  extremities,  that 
near  the  dentine  sometimes  presenting  a  stellate  appearance, 
with  the  processes  leaving  the  cell  from  the  points  of  the  star. 
Most  probably  this  has  been  occasioned  by  shrinkage  of  the 
cells  through  the  action  of  reagents.    Often  this  dentinal 
extremity  is  triangular,  often  rounded.    The  central  portion 
or  body  of  the  cell  is  very  considerably  attenuated  and 

cordlike.    (See  Fig.  io8).  _  . 

In  teeth  having  cylindrical  pulp  cavities  this  diversity  in 
shape  is  scarcely  appreciable,  and  probably  does  not  exist. 

a  ..A  Contribution  lo  the  Histological  Study  of  Dentine."    Trans.  Odonto.  Soc. 
of  Gnat  Britain,  p.  129,  1899- 

"Aids  to  Dental  Anatomy  and  Physiology,"  p.  25,  1902. 
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.   io8. — Similar  to  ¥\g.   102,    The  odontoblasts  marked  0„  in  that 
photograph.    Magnified  750  times.    To  shew  the  peiipheral  processes 
extending  into  the  dentiual  tubes  as  the  dentinal  fibrils. 


109.— Similar  to  Fig.   102.     The  odontoblasts  marked  O.,  in  that 
photograph.     Magnified  750  limes. 
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It  may  be  said  that  the  same  remarks  apply  also  to  fully- 
formed  deciduous  teeth. 

An  odontoblast  is  said  to  have  no  limiting  membrane. 

Pathological  conditions,  such  as  inflammation,  suppura- 
tion, or  calcareous  degeneration  of  the  pulp  do  not  seem, 
at  first,  to  affect  the  shape  of  the  odontoblasts:  this  rule 
obtains  in  all  normal  and  abnormal  examples. 

f/i)  With  regard  to  size,  odontoblasts  vary  considerably,  the 
coronal  cells  being  larger  and  m.ore  marked  than  the  radicular 
cells  of  the  pulp.  This  change  in  size  corresponds  in  a  measure 
to  the  length  and  width  of  the  tubules,  with  which  they  are 
closely  associated.  The  largest  cells  in  an  embryonic  tooth- 
germ — viz., those  under  that  part  ofthedentinewhichiscovered 
by  enamel,  and  called,  for  the  sake  of  brevity,  the  coronal  part 
of  the  pulp — have  a  diameter  of  lo  to  15/x,  and  if  they  be 
compared  to  adult  cells  in  the  same  situation,  the  latter  will 
be  found  to  vary  from  25  to  30/A  in  length,  with  a- breadth  of 
about  5/x.  Waldeyen  gives  the  size  of  adult  odontoblasts, 
but  does  not  compare  them  with  developing  cells — a  point  of 
importance  which  seems  to  have  been  overlooked. 

It  seems  reasonable  to  suppose  that  this  diversity  of  size 
would  account  for  the  increase  of  calibre  of  the  fibril  (and 
therefore  tubule)  as  it  approaches  the  pulp.  Paul  [loc.  cit, 
p.  134)  mentions  that  at  the  period  of  time  when  the  dentinal 
matrix  has  reached  a  depth  of  ^^o-  mm.,  the  odonto- 
blasts are  very  long,  but  remain  about  77//,  in  width.  In  the 
ox  they  may  attain  the  length  of  50/x.  According  to  Kolliker, 
the  stratum  of  the  membrana  eboris,  in  an  adult  pulp, 
measures  from  41/x  to  83/>(.  in  thickness;  the  odonto- 
blasts themselves  being       long,  and  4/x  to  4-5/x  broad. 

(y)  Relationships  to  surrounding  structures  j— 

The  author,  in  a  paper  written  in  1889,  showed  that  these 
cells  are  not  packed  closely  together,  but  are  separated  by 
wide  visible  spaces,  which  in  certain  cases  are  filled  with  a 
"homogeneous   substance,  and  small,  round,  and  angular 

1  Strieker's  Histology,  Vol.  r,  1870,  p. 


THE  DENTAL  PULP 


cells."  -It  is  necessary  to  add  that  this  is  the  case  in  develop- 
mental pulps,  there  being  only  a  slight  amount  of  inter- 
cellular tissue  in  most  adult  specimens.  There  are  visible 
also  in  many  instances,  fine  delicate  fibrils  stretching  into 
the  dentine  between  the  odontoblasts,  in  addition  to  the 
already-mentioned  structures.  These  fibres  are  not  nerves, 
but  form  what  may  be  termed  the  "  supporting  fibres  "  of  the 
pulp.  Reference  to  this  point  will  again  be  made  later  on. 
(Page  r43). 

The  long  axes  of  the  odontoblasts  are  approximately  m  the 
same  direction  as  that  of  the  tubules— a  fact  well  brought  out 
in  transverse  sections  of  pulp  cut  in  situ,  and  best  observed  m 
its  narrowest  part. 

In  some  sections,  the  cells  are  separated  some  distance  by 
a  gap,  in  which  a  capillary  loop  may  lie  quite  close  up  to  the 
dentine,  and  also  pulp  matrix— viz.,  delicate  intercommuni- 
cating fibres.  And  in  young  pulps,  in  which  dentine  matrix 
is  still  being  produced,  many  of  the  cells  have  attached  to 
their  distal  ends  lines  of  "  transitional  tissue  "  which  Paul 
calls  "  collars."  An  odontoblast  collar  or  shoulder  is  thus 
often  seen,  and  was  described  by  the  earlier  investigators  as 
a  lateral  or  median  process  of  the  cell.  Mature  cells  have  it 
not,  only  those  of  earlier  stages  of  growth  exhibiting  it.  A 
collar  nearly  always  adheres  to  the  dentine  matrix,  but  very 
often  to  the  cells  themselves ;  is  more  highly  refractile  than 
any  other  part  of  the  cells ;  and  is  the  only  portion  in  which 
they  are  in  mutual  contact.  It  is  important  to  notice,  how- 
ever, that  a  collar  is  not  part  and  parcel  of  the  odontoblast. 
It  is  pierced  by  its  dentinal  process.  It  is  probably  derived 
from  the  pulp  matrix,  and  really  consists  "  of  a  delicate  net- 
work of  pulp  fibrils  woven  about  the  necks  of  the  odonto- 
blasts upon  which  the  secretion  of  the  latter  is  poured  and 
solidifies  to  form  the  dentine  matrix."  This  is  the  interpre- 
tation supplied  by  Paul,  but  while  the  author  agrees  with  the 
histological  appearances  just  described,  he  cannot  see  his  way 
clear  to  accept  Paul's  exposition  or  statement  as  to  the  lime- 
bearing  functions  of  the  odontoblasts. 


1.^,6 
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(<^)  Ixv  structure,  odontoblasts  possess  a  coarse  degree  of 
granularity,  which  does  not  disappear  on  the  addition  of  a 
weak  acid,  and  is  apparently  unaffected  by  glycerine,  and 
certain  other  chemical  re-agents.  The  distal  ends  of  the  cells 
whcnyotmg^xQ  apparently  clear  and  homogeneous,  the  granu- 
larity being  confined  to  the  lower  four-fifths.  In  transverse 
section,  this  granularity  is  due  to  either  (i)  a  coarse,  deeply- 
staining  reticulum  or  spongioplasm,  or  to  (ii)  the  presence  of 
numeroustranslucent  globules  (?  of  first-formed  calcoglobulin). 
The  author  has  failed  to  see  the  clear  zone  in  adult  odonto- 
blasts,  and    considers    that    the    spongioplasm  becomes 


Fig.  no.— Section  of  tooth  germ  before  the  surface  cells  of  the  pulp  have 
undergone  any  differentiation.    Magnified  250  times.  Photomicrograph 

by  Paul. 

coarser  through  thickening  of  the  nodes  of  the  netAvork  as 
time  goes  on,  and  the  amount  of  the  hyaloplasm  is  propor- 
tionately diminished.  Hence  he  again  differs  from  Professor 
Paul  in  his  belief  that  the  clear  zone  is  due  to  calco- 
globulin. ^ 

The  nucleus  of  an  odontoblast  is  large,  oval,  and  prominent, 

1  In  this  connection  a  remark  by  Professor  Schafer  ("  Ouain's  Anatomy  "  vol.  I., 
part  II.,  p.  174,  1898),  is  of  profound  significance  :  "It  would  seem  that  the 
presence  of  certain  inorganic  substances,  and  especially  calcium,  is  essential  to  the  life, 
and  therefore  to  tlie  functions  of  protoplasm  ;  but  in  what  manner  the  lime  may  be 
combined  with  the  organic  basis  of  the  living  material,  remains  as  yet  quite  unde- 
termined." 
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II  I. —A  later  stage  than  Fig.  no.    Shews  surface  pulp  cells  becoming 
"  arranged  in  a  fairfy  regular  layer,  with  their  chief  processes  directed  to 
wards'"  the  ameloblasts.    Magnified  250  times.     Photomicrograph  by 

Paul. 


Fig,  112. — Shews  complete  evolution  of  surface  pulp  cells.   They  Lave  pro- 
duced a  superficial  fibrous  layer,  and  their  nuclei  are  now  in  a  "  resting" 
state.    The  odontoblasts  have  not  yet  ap]ienrecl.    Magnified  250  times. 
Pliotomicrograph  by  Paul. 
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Fig.  113. — Shews  the  hne  of  "transitional  tissue  "  along  the  top  of  the 
odontoblasts.    At  one  place  it  stretches  across  a  gap  between  two  cells 
caused  by  the  intervention  of  a  blood-vessel  undergoing  degeneiation 
Magnified  250  times,  •  Photomicrograph  by  Paul, 


Fig..  114,— A  very  thin  section  of  odontoblasts,  sliewiug  tlie  pulp  fibres  in- 
vesting them,  and  ending  in  the  "  transitional  ti.ssue "  forming  the 
shoulder  or  collar  of  each  cell.    Magnified  340  times.  Pliotomicro- 
graph  by  Paul. 
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andis  situated  at  the  basal  extremity  of  the  cell.  Its  wall  is 
well-defined,  and  its  chromoplasm  pronounced.  Occasionally 
nucleoli  may  be  found.  The  nucleus  is  usually  placed  at  the 
centripetal  end  of  the  cell  as  has  been  already  stated  ;  but 
Paul  has  shown  that  it  may  be  found  in  the  middle,  and 
occasionally  quite  at  the  distal  end,  where  its  long  axis  lies 
transversely  to  the  cell.  In  this  latter  case,  however,  it  must 
not  be  forgotten  that  the  odontoblast  itself  is  very  short,  or 
has  been  cut  obliquely  so  as  to  appear  short.  If  a  cell  was 
lying  a  little  out  of  the  level  plane  of  its  neighbours,  in  a 
vertical  section,  the  nucleus  would  probably  appear  higher 
in  the  body  of  the  cell  than  usually  obtains.  Paul  thinks 
that  it  exhibits  an  exhausted  condition,  and  has  ceased  to 
grow.  An  odontoblast  may  have  two  nuclei  in  the  same  cell, 
a  "condition  by  no  means  uncommon,"  and, rarely,  atrophied 
nuclei  have  been  observed  by  Paul  in  the  dentinal  fibre,  just 
beyond  the  transitional  tissue.  These  appearances  are  in- 
terpreted by  him  as  being  due  to  coalescence  of  two  odonto- 
blasts, the  lower  cell  reinforcing  and  rehabilitating  the 
degenerated  upper  odontoblast. 

(e)  The  processes. — These  cells  are  remarkable  for  their  polar 
offshoots,  which  may  be  classified  as  (i)  central  or  basal ;  and 
(ii)  peripheral  or  dentinal. 

Of  these,  the  first  named  are  most  easily  observed  in 
sections  prepared  by  Weil's  or  Decalcifying  processes,  when 
ordinary  stains  are  used,  but  the  latter  cannot  be  so  clearly 
demonstrated  unless,  as  Howard  Mummery  has  suggested,  a 
special  method  of  staining  with  iron  and  tannic  acid  is  adopted. 
Carmine  and  rubin  and  a  few  anilin  dyes  show  them  also. 

The  peripheral  poles  of  the  odontoblasts,  then,  stretch  into 
and  enter  the  tubules  of  the  dentine,  and  are  here  called 
dentinal  fibrils.  In  some  cases  they  are  bifurcated  :  several 
fibrils  may  emanate  from  one  cell  ;  and  nothing  else  can  be 
seen  entering  the  tubule.  Boll^  has  counted  as  many  as  six 
processes  belonging  to  one  cell. 


>  "Untersucli.devZalinpulpa."    Arehiv.  fur  Mihros];.  Anat.,  ^.  1868. 
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It  is  no  difficult  task  to  demonstrate  the  basal  offshoots  of 
the  odontoblasts.  They  are  exceedingly  thin  and  may  inter- 
communicate with  each  other.  This,  however,  is  not  at  all 
satisfactorily  proved.  They  present  no  varicosities  of  sur- 
face, are  not  swollen  or  twisted,  and  take  the  stain  less 
deeply  than  other  portions  of  the  pulp  tissue.  They  are  in- 
visible in  young  developing  cells.  Special  stains,  such  as 
Golgi's,  Stroebe's,  or  methylene  blue  have  failed  up  to  the 
present  time  to  trace  back  these  central  poles  to  the  termina- 
tions of  the  nerves  of  the  pulp. 

According  to  Magitot,i  the  basal  processes  of  the  odonto- 
blasts are  continuous  with  the  branches  of  large  reticulate 
cells,  situated  as  a  layer,  beneath  them.  These  latter  cells  are 
placed  in  direct  line  with  the  nerve  terminations.  (See 
diagram, p.  169).  In  this  manner,  the  sensibility  of  the  dentinal 
fibril  is  accounted  for.  Recent  workers  have  not,  however, 
corroborated  Magitot's  views,  and  his  deductions,  in  the  light 
of  more  modern  research,  would  seem  to  be  incorrect. 

In  the  dental  pulp  of  the  ox,  these  basal  processes  assume  a 
large  size.  If  an  incisor  is  removed  from  the  jaw  of  an  ox, 
immediately  after  the  animal  has  been  slaughtered,  and  then 
broken  longitudinally  in  a  vice,  the  basal  poles  maybe  demon- 
strated in  a  few  minutes,  while  still  fresh.  A  small  piece  of  the 
mcmhrana  ebon's  is  removed  and  teased  in  salt  solution ;  while 
carmine  or  chloride  of  gold  clearly  stains  the  long  process. 

Aitchison  Robertson^  has  studied  these  offshoots  in  the  ox, 
and  he  reports  that  "odontoblasts  were  seen  which  had 
become  separated  from  the  other  cells,  and  had  drawn  out 
along  with  them  their  internal  or  root  process.  This  was  in 
sorhe  cases  of  great  length,  and  could  be  traced  for  some 
distance  into  the  pulp.  In  other  cases,  part  of  the  dentinal 
fibre  still  remained  attached  to  one  extremity  of  the  separated 
odontoblasts,  while  from  the  other  extremity,  the  long 
internal  root  process  was  seen  extending  into  the  pulp." 

1  Journal  de  I'Anatomit  dcM.  Charles  Robin,  Paris,  188 1. 
"  On  the  Relation  of  Nerves  to  Odontoblasts,  and  on  the  Growth  of  Dentine." 
T runs.  Hoy.  Soc.  of  Edinbunjh,  p.  3.23,  1891. 
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The  processes  sometimes  measured  even  twelve  times  the 
length  of  the  odontoblast  cell,  and  in  some  instances  passed 
into  groups  of  nerve  fibres,  amongst  which  they  apparently 
ran  for  some  distance  before  they  acquired  a  medullated 
sheath.  This  author  significantly  observes  I  am  convinced 
that  the  central  processes  of  the  odontoblasts  become  con- 


0 


Fig.  115, — Portion  of  surface  of  the  pulp  teased  in  potassium  anbydro- 
chromate  solution.    Shews  the  very  long  central  process  belonging  to 
each  odontoblast  and  entering  the  substance  of  the  pulp.    The  odonto- 
blast has  fallen  off  in  many  cases,  and  leaves  the  cenlial  process  pro- 
jecting like  a  fine  hair  or  nerve  fibre.    After  Aitchisou  Robertson, 


Fig.  116, — Apparent  direct  continuation  of  the  root  process  of  the  odonto- 
blasts with  the  axis  cylinder  of  a  nerve.     After  Aitchison  Robertson, 

tinuous  with  the  nerve  fibrils.  .  .  .  The  long  central  pro- 
cess seems  to  become  the  axis-cylinder  of  a  nerve  fibre,  which 
gradually  acquires  a  primitive  sheath  in  which  the  medullary 
or  white  substance  slowly  accumulates,  till  an  ordinary 
medullated  nerve  results.  ...  It  is  very  difficult  to  say 
whether  all  the  odontoblasts  send  in  their  long  processes  to 
join  the  nerve  fibres." 
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It  is  a  histological  fact  that  odontoblasts  possess  processes 
running  towards  the  pulp  ;  but  it  has  not  been  proved,  in  spite 
of  Robertson's  work,  that  they  are  the  direct  continuation 
of  the  pulp  non-m.edullated  nerve-fibres. 

Their  existence  is  doubted  by  Hertz  ("  Untersuch.  iiber 
den  feineren  Bau  und  die  Entwicklung  der  Zahne,"  in  Vir- 
chows  "  Archives,"  Bd.,  37,  1866)  and  by  Paul. 

(Cj  There  is  a  certain  amount  of  analogy  existing  between 
the  odontoblasts,  and  certain  epitheloid  cells,  found  in  the 
olfactory  regions  of  man  and  animals,  in  the  ganglionic  layer 
of  the  retina,  and  the  auditory  cells  of  the  macula  lutea  of 
the  membranous  labyrinth.  Their  processes  are  somewhat 
similar,  their  structure  identical,  their  shape  modified  only 
by  the  mutual  apposition  of  neighbouring  cells. 

(2)  The  Other  Pulp  Cells 

The  cells  of  the  pulp  proper,  viz.,  those  situated  in  the 
central  portions  of  the  tissue,  differ  in  size  and  shape  during 
the  various  stages  of  the  growth  of  that  organ.  In  develop- 
ing teeth  they  are  large,  and  have  rounded  angular  or  spindle- 
shaped  outlines.  In  short,  they  partake  of  the  nature  of 
embryonic  cells  generally.  Their  nuclei  are  large,  prominent, 
oval  or  lenticular,  and  granular,  and  are  devoid  of  nucleoli. 
Near  the  superficial  portions  of  the  tooth  they  are  very 
loosely  held  in  the  reticulum  by  the  connective  tissue  stroma; 
and  here,  more  spindle  cells  are  visible. 

In  adult  teeth,  the  pulp  cells  are  chiefly  stellate  or  angular 
in  sTiape,  with  numerous  branches.  Their  number  is  greater, 
as  a  rule,  than  the  ordinary  round  cells  ;  but  cells  of  any 
description  are  comparatively  few.  The  branches  are  long 
and  multiplied,  and  interlace  with  one  another,  giving  the 
pulp  the  appearance  of  a  mucoid  tissue.  Fewer  cells  exist 
in  the  radicular  region  of  the  pulp.  A  few  insignificant- 
looking  odontoblasts  are  found;  but  the  mass  of  the  pulp 
seems  composed  of  bundles  of  thick  and  thin  connective 
tissue  fibres,  running  in  all  directions. 
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The  morphology  of  the  individual  cells  is  best  studied  in 
fresh  pulps  which  have  been  teased-out  in  physiological  salt 
solution,  and  suitably  stained. 

B 

TJie  Connective  Tissue  Stroma 

Extending  throughout  the  pulp  in  every  direction,  like  an 
exceedingly  delicate  net,  is  the  connective  tissue  stroma  or 
scaffolding  in  which  the  cells  are  imbedded.  This  framework 
serves  two  purposes,  as  an  imbedding  material  for  the  pulp 
cells,  and  as  a  support  to  sling  up  the  soft  delicate  organ  in  its 
bony  casing,  in  much  the  same  way  as  marrow  is  supported 
in  the  medullary  cavities  of  bone.  The  fine  fibres  do  not 
enter  the  dentinal  tubules,  but  they  are  often  seen  attached 
to  the  matrix  of  the  dentine,  where,  most  likely,  they  become 
the  odontogenic  fibres. 

In  the  sub-odontoblast  region  of  the  pulps  of  adult  teeth  the 
basal  layer  of  Weil  is  seen.  This,  first  described  by  the  late 
W,  A.  Weil,  of  Munich,^  in  his  monograph  on  the  Dental  Pulp 
consists  of  a  distinct  clear  layer  of  fibres  with  a  great 
scarcity  or  even  absence  of  cells.  In  describing  it,  he  wrote  : 
"  The  layer  contains  no  cellular  elements  or  nuclei ;  it 
appears  rather  as  a  web  of  extremely  fine  fibrils,  which  do 
not  run  perpendicularly  through  the  layer,  but  running 
obliquely  towards  the  deeper  layers,  interlace  with  one 
another  in  a  crosswise  direction.  ...  It  may  be  said, 
with  perfect  security,  that  they  arise  from  the  projecting 
basal  ends  of  the  odontoblasts.  It  is,  however,  surprising 
that  these  offshoots  do  not  follow  the  axial  directions  of  the 
odontoblasts,  but  turn  sideways  to  one  direction  or  another, 
and  thus  form  the  crossings." 

The  basal  layer  ' measures  at  the  corona]  part  of  the 
pulp  0.025  mm.  in  diameter,  and  gradually  thins  away  and 
becomes  diminished  in  size,  until  it  no  longer  exists  in  the 
radicular  region. 

'  "  Zur  Histologic  tier  Zahnpulpa."    Leipzig,  p.  55,  1887. 
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Tig.  117.—  The  dental  j)u]p.    Prepared  by  the  Author's  process,  and  stained 
with  Ehrlich's  acid  hffimatoxylene.  Magnified  750  times.    A.  Artery  ; 
C.  Capillary ;   V.  Vein ;    p.  Pulp  tissue  proper ;    F.  Fasciculus  of 
medullated  nerve  fibres. 
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This  statement  is  corroborated  by  Partsch/  of  Breslau, 
and  deserves  great  attention. 

Further,  Howard  Mummery=  refers  largely  to  this  in  a 
recent  paper,  where  he  says  According  to  my  experience 
the  layer  is  not  visible  in  young  teeth  in  the  situation  of  the 
rapidly-depositing  dentine  at  the  open,  uncompleted  end  of 
the  root."  And  it  may  be  added,  that  the  author  has 
repeatedly  observed  it  in  the  mature  pulps  of  deciduous 
and  permanent  teeth  as  well  as  in  certain  pathological  con- 
ditions ;  but  never  in  young  growing  teeth.  Professor  Paul 
has,  however,  noticed  "  a  clear  zone  of  tissue  just  beneath 
the  most  actively  growing  young  odontoblasts."  He  de- 
clares :  — "  It  seems  to  me,  after  many  careful  examinations, 
that  the  appearance  is  not  due  to  the  presence  of  a  special- 
ised tissue,  but  is  simply  owing  to  a  rarefaction  of  the  pulp 
preceding  the  active  extension  of  the  odontoblasts,  which  are 
of  course  progressing  inwards  through  the  pulp  matrix." 

Regarding  the  exact  nature  of  the  basal  layer,  it  is  a 
difficult  matter  to  decide.  It  is  certainly  fibrous  ;  but  whence 
ithe  fibres  come  and  go,  and  whether  the  whole  layer  is  an 
artificial  product  or  not  is  as  yet  undecided. 

Weil  himself  considered  that  the  fibres  were  undoubtedly 
continuous  with  the  odontoblasts,  and  might  thus  be  a  means 
of  communication  between  them  and  the  nervous  system  of 
the  pulp.  He  never  was  able  to  prove,  however,  that  these 
delicate  fibres  were  non-meduUated  nerves.  Repeated 
attempts  at  differential  staining  to  ascertain  if  they  were  of  a 
nervous  character  have  failed.  A  stray  capillary  may  cross 
the  layer  and  get  into  the  spaces  between  the  odontoblasts. 
Howard  Mummery  does  not  believe  that  all  the  fine  fibres 
are  in  continuity  with  the  odontoblasts ;  many  of  them 
penetrate  through  the  layer  and  enter  the  dentine  matrix. 

Its  existence  as  a  true  histological  structure  is  doubted  by 
Ebner  and  Rose. 

von  Ebner  says  :— "  The  odontoblasts  are  attached  to  the 

'  Deutsche  Monatsschrift  fur  Zahnheilkunde,  p.  322,  1892. 
"  Journal  of  British  Dental  Association,  p.  779,  1892. 
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dentine  by  means  of  the  dentinal  fibrils— the)'  cannot,  there- 
fore, when  the  inner  portions  of  the  pulp  shrink  up  (through 
the  action  of  reagents  used  in  the  Koch-Weil  balsam  pro- 
cess) be  very  well  torn  away  ;  but  the  layer  immediately 
under  the  odontoblasts  will  seek  to  approach  the  centre  of 
the  pulp,  and  before  it  comes  to  a  rupture,  the  tissue  elements 
Avhich  form  the  connection  of  the  odontoblast  layer  with 
the  pulp  lying  beneath,  will  be  very  strongly  stretched. 
These  tissue  elements  are  chiefly  fibres,  and  in  this  way  a 


Fig.  1 18. -The  pulp  in  situ.    Prepared  by  the  Author's  process,  and  stained 
with  Ehrlich's  acid  hajmatoxylene.  Magnified  250  times.  B.  The  basal 
layer  of  Weil;  o.  Odontoblasts;  d.z.  Dentogenelic  zone. 

layer  of  fibres  can  be  artificially  produced  which  before  was 
non-existent.  ...  Dr.  Weil  shows  that  from  the  tissue 
of  the  pulp,  rich  in  cells,  which  is  found  beneath  the  mm- 
hfana  eboris,  numerous  fibres  penetrate  toward  the  odonto- 
blasts. But  that  these  fibres,  in  life,  exist  as  a  special  basal 
layer  cannot  be  proved  by  Dr.  Weil's  method." 
And  thus  also  Rose. 

But  Howard  Mummery  considers  that  the  facts  of  the  non- 
distortion  of  blood  vessels  in  the  layer,  as  also  its  absolute 
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disappeamnce  at  the  growing  extremity  of  the  roots  of  teeth 
with  large  apical  foramina  must  be  taken  into  account,  and 
disprove  the  theory  of  shrinkage  of  the  pulp. 


The  Vascular  Sti^pply 

The  pulp  is  freely  vascularized  by  branches  which  are 
derived  from  the  Superior  and  Inferior  Dental  and  Infra- 
orbital divisions  of  the  Int.  maxillary  artery. 

They  enter  the  teeth  through  the  apical  foramina  of  their 
roots,  generally  as  one  large  tramk,  or  as  three  or  more  small 
ones.  Shortly  after  their  entrance  into  the  pulp,  the  vessels 
branch  repeatedly,  become  smaller  in  calibre,  until  near  the 
surface  they  form  a  simple  capillary  network  which  may 
measure  8/^  to  12/^  in  width. 

During  the  period  of  development  the  vascular  system 
covers  a  large  area  of  the  dental  papilla.  The  main  arterial 
trunk,  proceeding  in  a  longitudinal  direction  through  the 
centre  of  the  tissue,  diminishes  in  diameter  very  gradually, 
till  near  the  edge  of  the  dento-genetic  zone,  when  it  almost 
suddenly  and  rapidly  becomes  narrower,  and  is  ultimately 
lost  in  a  dense  capillary  plexus.  The  branches  have  the 
peculiarity  that  very  often  they  issue  at  or  about  right  angles 
with  the  main  vessel.    (See  Plate  I.) 

In  adult  pulps,  this  angular  method  of  division  is  not  so 
evident ;  the  larger  vessels  are  located  chiefly  in  the  axial 
portion,  whence  numerous  branches-pass  in  all  directions. 

In  the  cornual  regions  many  anastomatic  capillary  loops 
have  their  convexities  directed  towards  the  dentine.  As  a 
rule,  these  capillaries  extend  as  far  as  the  basal  layer  of  Weil  ; 
but  occasionally,  as  has  been  already  mentiojied,  one  or  more 
may  cross,  and  get  between  the  odontoblasts.    (Fig.  103). 

The  arteries  vary  in  size,  in  different  pulps,  but  a  main 
trunk  may  measure  about  83/x  in  width,  while  the  diameter  of 
the  lumina  of  the  capillaries  is  roughly  about  8/x. 

The  former  are  accompanied,  not  only  by  their  respective 
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veins,  but  also  by  fasciculi  of  medullated  nerves,  which  run 
side  by  side,  sometimes  so  closely  that  nothing  but  a  few 
connective  tissue  fibres  and  cells  intervene  between  the  outer- 
most portion  of  the  external  coat,  or  Umica  adventiiia,  of  the 
artery,  and  the  perineurium  of  the  latter. 

Properly-stained  horizontal  sections  of  pulps  reveal  in  a 
most  beautiful  manner  both  the  approximate  number  of 
blood  vessels  and  also  their  differences  in  structure.  In 
typical  canine  pulps,  cut  crosswise  through  the  cervical 
region,  the  author  has  counted  lo  of  the  former.  The  typical 
veins,  several  of  which  were  just  macroscopically  visible, 
exceeded  this  number  by  14,  while  the  capillaries  were 
practically  countless/ 

Histologically  considered,  the  vessels  of  the  pulp  differ 
very  considerably. 

The  Arterioles. — Structure. — The  wall  of  each  small  artery 
consists  of  three  coats,  viz.,  the  tunica,  intima,  media  and 
adventttia,  the  first-named  being  indistinguishable,  except 
under  high  magnifications,  and  the  media  being  very  marked. 

(i)  Tunica  intima. — Here  are  found,  forming  the  lining  of 
the  lumen  of  the  vessel,  a  flattened  layer  of  thin,  singularly 
elliptical  epithelial  cells  (endothelium),  each  having  a  round 
or  oval  nucleus.  When  the  blood  corpuscles  have  not  been 
retained  in  situ  in  the  section,  the  cells  may  be  sometimes 
seen  to  project  into  the  lumina.  External  to  the  endothelial 
lining  is  an  attenuated  double  wavy  line,  continuously 
circling  the  artery.  This  is  known  as  the  elastic  layer  of  the 
inner  coat,  and  it  is  made  up  of  numerous  longitudinal, 
closely-arranged  yellow  elastic  fibres.  (ii)'The.  Tunica 
media  is  composed  entirely  of  plain  muscular  tissue,  which 
makes  this  coat  the  thickest  and  most  prominent  of  all.  It 
is  arranged  circularly  round  the  vessel,  and  its  component 
parts  are  made  up  of  unstriped  muscle  fibres  with  elongated 
nuclei.    The  elastic  tissue  of  the  larger  arteries  is  wanting 

'  These  figures  are  introduced  in  tliis  connection,  in  order  to  supply  the  reader 
with  some  idea  as  to  the  numbers  that  may  be  comjnited,  i.e.,  to  demonstrate  that  the 
arteries  of  the  pulp  are  not  counted  in  hundreds,  but  in  tens.  It  is  obvious  that  llie 
numbers  given  are  never  constant. 
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in  this  coat  in  the  vessels  of  the  pulp,  (iii)  The  Tunica  ad- 
ventitial consisting  of  areolar  or  connective  tissue  fibres 
and  corpuscles,  with  nuclei  placed  in  the  long  axes  of  the 
cells,  represents  the  outer  coat  of  the  artery.  These 
fibres  and  cells,  too,  run  circularly  round  the  vessels  and 
blend  intimately  with  the  connective  tissue  fibres  of  the 
pulp. 

The  Veins  differ  from  the  arteries  in  the  fact  that  the  size 
of  the  middle  coat  is  greatly  reduced,  and  the  endothelial 
cells  are  shorter  and  broader.  Otherwise  they  resemble 
the  artei'ies.  In  sections,  they  are  easily  differentiated  from 
the  other  blood-vessels  in  having  a  very  much  greater 
diameter.  They  are  non-collapsible  in  the  pulp,  and  retain 
the  rounded  outlines  of  their  walls.  This  is  doubtless  due  to 
their  strong  support  by  means  of  the  stroma  which  permeates 
the  pulp  tissue. 

The  walls  of  the  capillaries  are  exceedingly  delicate,  being 
formed  by  a  single  layer  of  endothelium,  which  is  a  con- 
tinuation of  the  endothelial  lining  of  the  arteries,  on  the 
one  side,  and  the  veins  on  the  other.  The  smallest 
capillary  walls  may  consist  of  only  two  or  three  of  such  cells, 
which,  in  this  case,  are  curved  to  form  the  interior  of  the 
tube.  The  nuclei  are  marked  and  the  chromoplasm  pro- 
nounced.   (See  Fig.  1 17). 

There  are  no  traces  of  any  lymphatics  in  the  dental  pulp. 
Yet  Bodecker  [op.  cit  p.  251),  says  that  he  has  seen  vessels 
"composed  of  large,  flat,  slightly  protruding  endothelia," 
and  containing  "a  finely-granular  coagulated  albumen, 
scanty  granular  corpuscles,  and  a  very  limited  number  of 
blood  corpuscles." 

D 

The  Nervous  System 

As  eliciting  the  closest  attention  on  the  part  of  many 
thinkers  and  writers,  as  presenting  a  truly  fascinating  and 
profoundly  interesting  field  of  speculation,  as  affording  ample 
opportunities  for  most  brilliant  work  in  original  research 
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the  study  of  the  nervous'  system  of  the  dental  pulp  may  claim 
to  be,  of  all  dental  histological  subjects,  of  the  first  importance, 
instruction,  and  value.  One  is  completely  astonished  at  the 
mass  of  literature,  old  and  new,  which  has  been  devoted  to 
it.  Its  bibliography  is  manifold,  and  in  itself  would  furnish, 
if  gathered  in  one  volume,  most  illuminating  reading.  Yet 
in  spite  of  the  earnest  labours  of  one  half-a-century,  it  is 
amazing  to  recall  the  fact  that  while  so  much  is  known  about 
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-The   plexus   of  Rascbkow,    teased    out,  and  stained  with 
chloride  of  gold.      Magnified  250  times. 


it,  SO  much  is  still  unknown— the  actual  methods  of  the  peri- 
pheral distribution  of  the  non-medullated  nerves  being  buried 
in  obscurity.  True,  that  some  of  the  earlier  histologists  solved 
most  carefully  iu  stio  modo  this  particular  and  difficult  problem ; 
true,  that  modern  methods  ofpreparingthe  hard  and  soft  tissues 
for  microscopical  examination  have  shed  new^  light  on  it ;  it 
still  remains  to  be  noted  that  the  anatomical  data  and 
physiological  principles  involved  in  the  phenomena  which 
give  rise  to  pain  in  the  teeth— the  whole  innervation  of  the 
pulp— the  direct  course  by  which  nervous  stimuli  are  con- 
ducted from  the  dentine  or  enamel  to  the  sensory  areas  of 
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the- brain  cannot  be  considered  satisfactorily  determined. 
But  its  capability  of  solution  is  unquestionable. 

Here  an  attempt  will  be  made  to  describe  the  chief  recog- 
nised facts,  and  some  arguments  in  this  nebulous  matter  ; 
and  it  will  be  convenient  to  consider  these  under  the 
following  headings:-The  medullated  nerves,  their  (i)  method 
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Fig.  120.— Similar  to  Fig.  i  17.    iu  slicw  hix  neive  bundles  cut  transversel}-. 
Prepared  by  the  Author's  process.    Stained  with  rubine.  .Magnified 
750  times.  c.T.c.  Connective  tissue  fibres  and  corpuscles,  c.  Capillary; 
M.  One  of  the  medullated  nerve  bundles. 

of  distribution,  (ii)  structure,  and  (iii)  terminations  in 
(a)  fishes,  (b)  reptiles,  (c)  mammals. 

(i)  Method  of  Distribution. — Emerging  from  the  "  indifferent 
tissue  "  of  the  periodontal  membrane,  in  company  with  the 
main  arterial  trunks,  and  entering'  the  apical  foratiiina  of  the 
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teeth,  the  bundles  of  meduUcated  nerves  pass  collective^ 
into  the  pulp,  in  lines  directly  corresponding  to  its  long  axis. 
There  are  thus  several  funiculi  colligated  into  sheaves  ;  and 
without  undergoing  much  appreciable  diminution  in  numbers, 
they  extend  into  the  soft  tissue,  and  maintain  a  more  or  less 
parallel  direction  with  the  outlines  of  the  dentinal  walls.  The 
nervous  trunks  pass,  like  long,  straight  or  very  slightly  wavy 
lines,  in  this  way,  for  some  considerable  distance,  and  then 
begin  gradually,  as  they  approach  the  parieties  of  the  pulp,  to 
break  up  into  smaller  fasciculi ;  until,  when  close  to  the  basal 
layer  of  Weil,  the  original  bundles  are  represented  only  by 
two  or  more  nerve  fibres  running  side  by  side.  In  many 
instances,  the  bundles  stretch  up  to  the  sub-odontoblast 
region,  and  then  very  suddenly  burst  forth  in  myriads  of 
minute  scopiform  strands.  (Rose  and  Gysi,  "  Portfolio  of 
Microphotographs  of  Dental  Histology,''  1895).  The  result 
is  the  formation  of  an  interlacing  of  fibres — the  plexus  of 
Raschkow.    (See  Fig.  119). 

In  every  case  the  chief  nerve  fasciculi  run  alongside  the 
larger  blood-vessels,  and  in  their  areas  of  distribution 
follow  them  closely. 

Towards  their  distal  arborisation  they  become  in  places 
lobulated  or  varicose,  a  condition  which,  according  to  Schafer', 
is  occasioned  by  pressure  or  traction  on  them,  causing  the 
soft  matter  "  to  accumulate  at  certain  points,  whilst  it  is 
drawn  out  and  attenuated  at  others."  In  addition  to  these 
occasional  dilatations,  and  near  their  peripheral  distribution 
they  divide  into  branches— each  component  part  participating 
in  the  division.  By  oft-repeated  sub-division  the  fibres 
become  much  smaller. 

(ii)  In  stntcUcre,  the  meduUated  or  white  nerve  fibres  differ 
not  from  those  found  elsewhere  in  tlie  cerebro-spinal  system 
of  man,  except  in  one  particular,  and  that  is  with  regard  to 
size.  The  individual  fibres  in  the  pulp  vary  from  1.5/^  to  3/x 
in  diameter.  Kolliker  has  measured  them.  His  figures 
are  :— In  diameter,  the  large  trunks  in  the  radicular  part 

>  "Quain's- Anatomy,"  Vol.  L,  part  IL,  p.  3o9,  1898. 
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of  the  pulp,  are  62/x  to  8/^ ;  their  constituent  elements  3//.  to  6/a  ; 
and  their  primitive  fibres  2.5/i  to  3.4/*. 

Each  consists  of  (a)  the  axis-cylinder  of  Purkinje  ;  {(3) 
the  nucleated  sheath  of  Schwann  ;  and  (7)  the  primitive  sheath 
or  neurolemma. 

(«)  The  axial  fibre,  or  axis-cyliiider  process,  or  more  shortly 
the  axon,  extends  without  interruption  through  the  whole 
length  of  the  nerve  fibre,  from  its  origin  in  the  neurone  in  the 
cerebrum  to  its  ultimate  ramifications  near  the  iiicmhrana 
ebon's.  It  is  to-day  an  almost  certain  fact  that  the  axon  is 
always  a  direct  prolongation  of  a  branch  of  a  nerve  cell, 
extending  far  away  from  its  origin,  but  yet  in  perfect  con- 
tinuity with  it.  Max  Schultze  in  1837^  observed  that  the 
axis-cylinder  process  consists  not  of  a  single  cord  or  thread, 
but  is  a  complex  structure  made  up  of  many  fibrils  ("  primi- 
tive fibrillse  ")  imbedded  in  fine  granular  material.  Obers- 
teiner  told  Gowers  that  he  had  counted  as  many  as 
fifty  such  primitive  fibrils  in  a  single  axis-cylinder,  each  fibril 
having  a  separate  and  distinct  path  of  conduction.  The  writer 
has  never  seen  these  in  the  medullated  nerves  of  the  pulp  ; 
but  there  can  be  no  doubt  that  they  exist  here  in  far  fewer 
numbers. 

The  myelin  sliea/Ii,  or  white  substance  of  Schwann,  is 
easily  identified  in  sections  of  the  pulp  when  stained  with  osmic 
acid,  the  action  of  which  is  to  render  the  fatty  phosphorous 
matter  of  the  myelin  a  dark  grey  or  black  colour. 

The  medulla  is  continuous,  but  presents  here  and  there 
breaks  in  its  continuity.  These  constrictions  are  known  as 
the  nodes  of  Ranvier.  Occurring  at  nearly  equal  intervals, 
they  divide  the  fibre  into  internodes.  The  white  .substance 
has  undergone  a  certain  amount  of  shrinkage  at  a  node,  and 
is  quite  transparent,  but  in  addition  there  is  present  a  finely 
granular  stroma  rendered  evident  through  refraction  by  the 
fatty  matters  which  are  usually  found  in  it,    (P'ig.  121). 

1  Vide.  .Strieker's  "Histology.'' 
"  Tlie  neurone  and  its  relation  to  dise.ise."    British  Med.  Journal, 'Nov.  6lh, 
1897.  ,  .  • 
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The  nodes  of  Ranvier,  when  treated  with  various  stains, 
exhibit  other  markings.  In  this  way,  a  weak  solution  of  silver 
nitrate  reveals  the  crosses  of  Ranvier- in  which  the  cement 
joining-  two  internodes,  and  a  small  portion  of  the  axon  are 
affecte^d,  and  also  sometimes  Fromman's  lines— a  cross-stria- 
tion  of  the  axon  at  the  node;  and  a  i  percent,  solution  of 
osmic  acid,  minute  nodes  on  the  primitive  fibrils  of  the  axon, 
with  the  black  constricting  ring  of  Ranvier  placed  outside 
(van  Gedoelst). 

Further  subdivisions  in  the  medullary  sheath  are  found  in 
the  form  of  oblique  slits  passing  outwards  from  the  axon  to 
the  neurolemma.  These  are  called  "incisures,"  and  are 
rendered  apparent  by  the  use  of  osmic  acid  and  picro- 
carmine.  They  split  up  the  internodal  myelin  into  a  series 
of  short  lengths  or  "cylinder  cones,"  the  bevelled  end  of  one 
cone  fitting  accurately  into  the  opposite  similar  end  of  the 
neighbouring  cone. 

In  addition  to  these  various  histologiceil  structures  in  the 
mediillated  sheath  of  nerves,  there  exist  also,  when  suitably 
stained,  radial  virgate  striations,  as  well  as  a  more-or-less- 
coarse  reticulum. 

(y)  Tlie  primitive  sheath  or  neurolemma  forms  the  external 
covering  of. white  nerve  fibres.  It  is  an  exceedingly  delicate 
homogeneous  membrane  which  passes  over  every  node  of 
Ranvier,  and  possesses  in  the  mid-distance  of  an  internode  a 
large  flat  nucleus.  At  the  node,  the  neurolemma  is  discon- 
tinuous with  the  axon,  because  of  the  intervention  of  the 
annular  constricting  band  of  Ranvier. 

A  horizontal  section  ot  the  pulp  stained  carefully  with 
osmic  acid  or  heematoxylene  or  other  stains  displays  the 
nerve  bundles  cut  across.  Collectively  examined  they  show 
the  endoneurium — fine  connective  tissue  septa  passing  in 
between  the  individual  nerve  fibres,  as  processes  of  the 
perineurium  which  surrounds  the  fascicule  itself.  In  the 
finest  branches  the  latter  is  reduced  to  a  mere  connective 
tissue  sheath. 
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(iv)   Peripheral  Terminations  of  the  Nerves 

In  order  to  pave  the  way  to  some  knowledge  of  the 
anatomical  distribution  of  the  free  extremities  of  the  nerve 
hbres  m  the  dental  pulps  of  man,  it  will  be  expedient  and 
instructive  to  note  how  the  nerves  end  in  the  pulps  of  the 
teeth  of  fishes,  reptiles,  ^c. 


Fig.  123.  Fig.  124. 

Figs.  123  and  124. — Longitudinal  sections  of  the  teeth  of  Gobms.  Golgi's 
stain.    D.  Dentine;  N.  Non-medullated  nerve  fibres,  ending  in  free 
terminations,  close  under  the  dentine.    After  Retzius. 

(a)  In  Pisces 

Here  the  evidences  as  to  the  exact  mode  of  the  terminal 
arborization  of  the  sensory  nerve  fibres  are  quite  clear,  thanks 
to  the  splendid  labours  of  Gustav  Retzius.  1  By  Golgi's 
method  of  staining,  he  succeeded  in  positively  demonstrating 


1  Biologische  Untersuchungen,"  Neue  Folge,  iv.,  v.  and  vi.,  1892,  1893,  and  1894. 
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in  the  teeth  of  Gobius  and  Gasierosteus,  anatomical  conditions 
which  agree  in  all  essential  points.  Definite  types  of  nerve- 
branching  were  observed. 


Fig.  125. — Longitudinal  section  of  tootli  of  a  larva  of  the  Salamander 
maculata,     Golgi's  stain.     n.  Non-medullated  nerve  fibre.  After 

Retzius. 


The  non-medullated  nerve  fibres  arising  from  a  dense 
plexus  in  the  soft  tissues  in  which  the  teeth  are  situated,  pass 
into  the  pulp  and  spread  out  thickly  to  form  free  endings  in 
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thcat  tissue,  extending  upwards  towards  the  coronal  region, 
.and  abundantly  giving  off  lateral  branches  with  free  termina- 
tions. The  extreme  cornu  of  the  pulp  is  not  supplied  with 
nerves.  (For  illustrations  of  this  condition  see  Figs.  123  and 
124). 

(/3)  In  Rcptilia 

Retzius  was  able  here,  to  trace  the  nerves  quite  easily,  still 
using  Golgi's  method.  In  Lacerta  agilis  he  describes  them  as 
rising,  in  the  first  place,  from  the  middle  of  the  pulp.  He  writes 
(pp.  65  and  66,  Vol.  iv).  "  In  the  pulp  may  be  seen  the 
connective  tissue  which  also  contains  blood-vessels,  a  black 
thread  apparently  consisting  of  nerve-fibres  matted  or  closely 
pressed  together.  This  thread  rises  upwards,  and  gradually 
;  gives  off  branches  which  extend  partly  towards  the  side,  and 
partly  upwards.  These  enter  the  odontoblast  layer,  and  pass 
between  the  cells,  as  a  rule,  to  the  upper  surface  of  the  pulp, 
there  to  end  directly  under  the  dentine  in  free  extremities, 
which  here  and  there  are  swollen  into  knots.  In  transverse 
section  these  fibres  penetrate  the  odontoblast  layer,  and 
reach  the  inner  surface  of  the  dentine,  there  to  end  free  after 
a  .short  ramification.  The  penetration  of  nerve  fibres  into  the 
dentine  was  nowhere  observed." 

The  larvae  of  Salamander  Maculata  and  Triton  Cristatus 
provided  suitable  material  for  further  tracing  the  non- 
medullated  fibres.  In  these  preparations,  after  their  entrance 
into  the  pulp,  the  nerves  divide  dichotomousl}^  and,  branch- 
ing upwards,  end  partly  in  the  side  of  the  pulp  tissue,  and 
partly  close  under  the  surface  of  dentine.  The  fine  varicose 
branchlets  rise  about  half-way  up  the  tooth,  but  never  pass  to 
the  upper  end  of  the  pulp  (p.  41,  Vol  v.).  "  All  branches  end 
freely,  spreading  out  in  different  parts  of  the  pulp.  ^lost  of 
them  apparently  end  close  under  the  dentine  or  near  its 
inner  surlace,  but  never  penetrate  into  its  substance  or  into 
its  canals." 
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.  12O. — Tooth  of  laiva  of  Siilamandcr  mucidata  with  the  sundunding 
oral  mucous  membrane.  Golgi's  stain.  N.  Non-mcdullated  nerve 
fibre,  branching  and  ending  free  in  the  pulp  ;  i'.  Nerve  fibre  in 
the   ])eridental  tissues,  ending   free  in    K,   the   siaface  epithelium. 

After  RetziuSi 
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(y)   In  Mammalia 
The  precise  method  by  which  the  sensory  nerves  finally 
terminate  in  the  pulp  of  the  teeth  of  man,  constitutes  one  of 
those  histological  puzzles  which  yet  remain  unsolved ;  and 


Fig.  127.— A  vertical  section  through  the  ioo'Cb.  o'^  Lacerta  Mjilis.  Golgi's 
"  stai'n.    D.  Dentine;     o.  Odontoblasts;    P.  Pulp  with  blood  vessels 
and  N.  nerves  which  branch,  penetrate  between  the  odontoblasts,  con- 
tinue their  ramifications  to  the  upper  surface  near  the  dentine,  and  there 
terminate.    After  Retzius. 

at  the  time  of  writing,  it  is  absolutely  impossible  to  give  a 
clear  and  proved  solution.  As  has  already  been  hinted,  the 
.subject  is  too  vast  to  do  more  than  mention  the  chief  modern 
theories  connected  with  it. 
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I.  In  the  teeth  of  young  mice,  Retzius  in  1894  [op.  cit. 
Vol.  vi.  p.  64)  succeeded  in  staining  the  nerve  fibres,  not  only 
everywhere  in  the  pulp,  from  the  beginning,  near  the  blood- 
vessels, but  also  in  tracing  their  branches  into  the  odonto- 
blast zone,  and  between  these  cells  to  the  under  surface  of 
the  dentine.  "  In  vertical  sections  the  fibres,  like  a  string  of 
tiny  beads,  stretch  between  the  odontoblasts  to  the  surface 
and  there  end  free."    They  often  bend  round  on  reaching 


Fig.  128. 


Fig.  129. 


Fig.  128. — Transverse  section  of  tooth  of  Lacerta  agilis.  Golgi's  stain. 
D.  Dentine;  o.  Odontoblast  layer ;  N.  Nerve  fibre  which  passes  free 
to  the  upper  surface  of  the  odontoblast  la5-er  and  there  terminates. 

After  Retzius. 

Fig.  129. — Vertical  section,  of  the  upper  part  of  a  young  tooth  of  a  mouse  five 
days  after  birth.      Golgi's  stain.      E.   Enamel  with  the  ends  of  the 
dentinal  tubes  projecting  into  it ;     n.    Dentine  with  stained  dentinal 
tubes;  o.L,   Odontogenetic zone ;  o.  Odontoblast;  n.  Non-medullated 
nerve  fibre  passing  between  the  odontoblasts.    After  Retzius. 


the  surface,  and  run  a  little  way  tangentially.  In  a  tangential 
section  they  can  be  partially  traced  under  the  dentine." 

2.  Franz  Boll,^  over  thirty  years  ago,  observed  fine 
fibres  (which  he  thought  were  nerves),  by  means  of  rh  per 
cent,  solution  of  chromic  acid,  in  the  pulps  of  rabbits  and 
guinea-pigs.  He  used  the  persistently-growing  teeth. 
He  traced  them  to  places  between  the  odontoblasts,  and 


"' Untersuchungen  iiber  der  Zahnpulpa."  Archiv.  fiir  Mikroskop.  Anatomie. 
Vol.  iv.,  p.  73,  18O8.  '  f  " 
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even  between  the  dentinal  processes  of  the  odontoblasts 
which  had  been  detached  from  the  dentine.  Thus  he 
beheved  that  the  nerve  fibres  extend  into  the  dentinal 
tubules.  The  nature  of  the  fibres  first  described  by 
Boll  was  not  at  all  certain,  and  did  not  present  the 
gemmules  or  beads  which  Golgi's  and  methylene-blue 
methods  of  staining  depict  upon  ihe  axons. 

3-  Carl  HuberS  of  the  University  of  Michigan,  made  use 
of  the  mandibular  canines  and  molars  of  dogs,  cah,  and 
rabbits.  His  most  satisfactory  results  were  obtained  from 
the  pulps  of  rabbits'  molars.    The  method  of  staining  he 


Fig,  130. 


Fig.  131. 


F'g-  130. — Veilical  aspect  of  odontoblasts  having  between  them  two  ulti- 
mate  branches  of  a  fine  varicose  nerve-fibril.    From  the  pulp  of  a  molar 
tooth  of  a  rabbit.    Prepared  by  staining  with  methylene  blue  fixing  in 
ammonium  molybdateand  mounting  in  balsam.    After  Huber. 
Fig.  131. — Similar  to  the  preceding  figure.      Odontoblasts  seen  end  on. 
The  nerve  termination  lies  over  the  cells.    After  Huber, 

employed  was  i  per  cent,  methylene  blue  in  physiological 
salt  solution  injected  into  the  common  carotid  during  life. 
He  describes  the  following  interesting  histological  reve- 
lations : — "  The  medullated  nerv^e  fibres  approach  the  lower 
portion  of  the  pulp  in  one  or  several  relatively  large  nerve 
bundles.  On  reaching  the  Tower  surface  of  the  pulps, 
these  larger  bundles  break  up  into  numerous  smaller 
ones,  the  latter  consisting  of  eight  to  ten  nerve  fibres, 
although  larger  ones  are  frequently  met  with.  In  the 
fibrous  tissue  membrane  which  covers  the  under  surface 


»  "The  Innervation  of  the  Tooth-pulp."  The  DmlalCosiiios,  vol.  pp.  803,  cl 
se(j.,.iSc)S. 
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of  the  pulp,  and  which  is  continuous  with  the  periodontal 
membrane,  these  smaller  nerve  bundles  form,  as  the  result  of 
frequent  anastomoses,  a  plexus  of  medullated  fibres.  .  .  The 
smaller  bundles  of  medullated  nerves,  coming  off  from  the 
plexus,  pass  nearly  perpendicularly  up  into  the  pulp,  into 


Fig.  132. — Non-meduUated  terminations  of  the  nerves  in  the  dental  pulp  of 
a  doe.    Stained  with  methylene  blue.    After  Huber. 


which  they  may  be  traced  as  small  bundles  of  medullated 
nerves,  two  to  eight  or  ten  in  number,  to  all  levels  of  the 
pulps,  some  to  the  very  tip.  .  .  .  On  approaching  the 
surface  of  the  pulp,  the  medullated  fibres  lose  their  medullary 
sheath :  the  non-medullated  terminal  branches,  after  repeated 
division,  form  a  plexus  immediately  under  the  odontoblasts. 
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They  branch  and  re-branch  into  long-,  delicate  varicose  fibres." 
This  plexus  is  that  of  Boll,  and  Raschkow,  and  others,  but 
according  to  Ruber,  it  is  "  a  plexus  only  in  so  far  that  the 
varicose  fibrils  cross  each  other  in  various  directions." 

Ruber's  observations  on  the  ultimate  termination  of  the 
nerves  corroborate  those  of  Retzius.  The  fibrils  given  off 
from  the  plexus  just  mentioned  as  being  present  beneath  the 
odontoblasts,  pass  up  between  these  cells,  and  end,  as  fine 
beads,  usually  near  the  free  or  dentinal  end  of  the  odonto- 
blasts. Sometimes  they  run  tangentially.  Ruber  says  that 
they  do  not,  in  his  opinion,  make  any  connection  with  the 
odontoblasts,  nor  with  any  of  the  cellular  elements  of  the 
pulp  :  and  he  scouts  the  idea  of  their  entrance  into  the 
dentine. 

4.  Legros  and  E.  Magitot'  examined  the  dental  pulps  of 
the  calf^  dog  and  cat,  and  concluded  that  the  terminal  fila- 
ments are  continuous  with  ramified  cells,  situated  im- 
mediately below  the  odontoblasts,  with  which  they  are  in 
immediate  communication.  "There  is  thus,"  according  to 
these  authors,  "a  direct  chain  of  sensation  transmitted  from 
the  nerve-ending  to  the  dentinal  fibril  via  the  branched  cells, 
and  the  basal  processes  of  the  odontoblasts,  the  bodies  of 
these  latter  and  finally  their  peripheral  poles."    (Fig.  137). 

The  most  careful  search  for  such  cells  in  the  pulps  of 
Hcrhivora  and  Carnivora  (including  man)  has  been  attended 
only  by  negative  results. 

5.  Oscar  Romer-^,  after  a  great  deal  of  labour  and  experi- 
ment, and  following  on  the  lines  suggested  by  Morgenstern, 
used  the  teeth  of  three-weeks-old  kittens,  and  adopted  the 
intra-vitam  methylene-blue  stain.  Re  enunciated  the 
following,  inter  alia  : — 

(i)  The  nerves  of  the  pulp  penetrate,  as  non- 
medullated  filaments,  the  spaces  which  intervene 
between  the  odontoblasts,  reach  the  zone  between 

>"  Morphologiedes  follicle  dcntairc  che/ les  Mnmrniferes."  Journal  de  V Anatomic 

et  Physiologie,  1879. 
«/yOC.  cil. 
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these  cells  and  the  dentine,  and  here  pass  into  the 
interior  of  the  odontoblast  processes,  that  is  to 
say,  in  Kolliker's  dentinal  tubules. 

(ii)  The  chief  mass  of  the  nerve  filaments  radiate 
out  of  the  cornua  of  the  pulp  into  the  dentine  ; 
while  the  other  zones  of  the  dentine  of  the  crown 
appear  to  be  poorer  in  nerve  branches,  and  the 
dentine  of  the  root  entirely  nerve-less. 

(iii)  A  greater  part  of  the  dentinal  tubules  widen  out 
at  the  enamel-dentine  boundary,    into  curious 


A 


Fig.  133. — Diagram  of  a  section  tlirough  the  tooth-geim  of  a  kitten, 
three  weeks  after  birth.  Prepared  by  the  Intra-vitam  method  of 
staining  with  methylene  blue ;  fixing  in  ammonium  molybdate, 
formalin,  and  subchloride  of  platinum  ;  decalcifying  in  acetic  acid,  and 
embedding  in  celloidin.  Shews  Romer's  conception  of  the  passing  of 
the  non-medullated  nerve  fibres  into  the  dentinal  tubules.  A.  Dentinal 
tubes  ;  o.  Odontoblasts  ;  N.  Fine  nerve  fibril  going  upwards  out  of  the 
pulp,  between  the  odontoblasts  to  the  dentinal  tubules  in  the  dentogenetic 
zone.    After  Romer.    Gf.  Figs.  54  and  140. 

partly  spindle-shaped,  partly  club-shaped  forma- 
tions which  are  chiefly  arranged  in  very  great 
numbers  around  the  apices  of  the  dentinal  cusps, 
and  in  which,  in  well-preserved  sections,  small 
roundish  or  larger  oval  corpuscles  are  perceptible, 
which  are  often  arranged  in  rosary-like  rows,  and, 
with  gold  chloride,  take  an  intense  stain  ;  and 

(iv)  The  small  corpuscles  in  the  interior  of  the  spindle- 
shaped  enlargements  of  the  dentinal  tubes  may  be 
regarded,  with  great  probability,  as  terminal  cor- 
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puscles  of  sensitive  nerves  in  the  dentine,  ana- 
logous to  the  terminal  corpuscles  of  the  sensory 
nerves  of  the  skin  and  the  papillae  of  mucous 
membranes. 

This  author,  representing  the  latest  researcher  in  the 
subject  (i8gg),  out  of  forty-seven  drawings  in  his  monograph 
gives,  however,  only  two  figures  depicting  the  passage  of 
nerves  into  the  dentinal  tubules.  One  is  magnified  250  times, 
and  the  other  an  amplification  of  the  first,  750  times  [vide 
Tafel  iv..  Figs.  i6  and  17).  In  spite  of  their  measurements, 
(0.25/j-  to  o.3fi),  of  R5mer's  indefatigable  zeal,  his  earnestness 
and  his  precautions,  the  author  is  unable  to  agree  with  the 
interpretation  placed  upon  the  appearances  presented  by  the 
sections,  and  must  distrust  the  drawings  accompanying  the 
text,  being  thus  forced  into  the  belief  that  the  Strassburg 
professor  is  in  error  in  his  deductions. 

6.  Aitchison  Robertson  [op.  eft  p.  823)  in  the  pulps  of  the 
ox,  when  treated  with  0.6  per  cent,  solution  of  potassium 
anhydrochromate  for  twenty-four  hours,  found  long  central 
processes  to  the  odontoblasts,  which  he  believed  became 
continuous  with  the  nerve-fibrils.  He  says  (p.  324),  "The 
long  central  process  seems  to  become  the  axis-cylinder  of  a 
nerve  fibre  which  gradually  acquires  a  primitive  sheath,  in 
which  the  -medullary  or  white  substance  slowly- accumulates 
till  an  ordinary  medullated  nerve  results."  His  drawings, 
reproduced  in  Figs.,  115  and  i  16,  unfortunately  convey  nothing 
to  the  enquiring  mind,  and  certainly  if  they  are  correct,  his 
assumption  is  still  unproved. 

7.  K5lliker  in  i^to  [op.  c it.  p.  300)  in  tlie  teeth  of  man, 
observed  that  the  primitive  fibres,  which  are  given  off  from  a 
rich  plexus,  "  form  very  evident  loops,"  but  he  did  not  con- 
sider them  the  ultimate  terminations, 

8.  In  specimens  of  full-term  foetuses,  presumably  HKman, 
Bodeckerx  using  gold  chloride,  positively  asserts  "  that  an 
indirect  connection  of  the  two"  (dentinal  fibrils  and  nerve 

i"The  Anatomy  and  Pathology  of  the  Tcclh,"  1894- 
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endings)  "is  established  by  the  intervening  reticulum  of 
living  matter." 

It  must  not  be  forgotten,  however,  that  this  author  believes 
that  the  dentinal  fibrils  arise  betzaeen  the  odontoblasts,  whose 
role  it  is  to  furnish' the  basis-substance  of  the  dentine.  But 
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Fig,  134. 


Fig.  135. 


Fig.  l34.-Longitudinal  section  of  the  dentine  of  a  young  Human  tooth 
Stained  with  osmic  acid.    a.  Axon  ■    n.k.  Nerve  corpuscle.  After 

Morgenstern. 

f'ig.  I35.-Nerve  ending  in  enamel  of  a  young  tooth,     s.  Nerve  corpuscle  ; 
A.  Axon.    After  Morgenstern. 

this,  as  well  as  many  other  matters  of  which  Bodecker  has 
written,  must  be  accepted  with  the  greatest  caution.  His 
views  are  so  heterodox,  and  do  not  conform  in  any  degree 
with  the  accepted  hypotheses  and  observations  of  a  great 
number  of  reputed  histologists  of  various  nationalities. 
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9.  Morgenstern-  describes  in  the  teeth  of  man,  bundles 
of  axis-cylinders  surrounded  by  their  medullary  sheath  passing 
into  the  dentine  or  enamel.  In  the  former  tissue  they  traverse 
tubules,  some  of  which  are  smaller  and  others  larger  than 
the  ordinary  tubules.  Each  canal  has  in  it  two  axons,  and 
they  terminate  either  (i)  at  the  cortex  of  the  dentine,  or  (ii)  at 
the  amelo-dentinal  junction,  or  (iii)  even  pass  into  the  enamel. 
In  the  first-named  locality  they  end  in  knob-shaped  structures 
which  may  be  ellipsoid  or  piriform  in  shape.  (Fig.  134). 
In  enamel  they  may  end  variously,  as  in  the  dentine, 
in  elongated  nucleated  structures  where  the  axon  (a) 
passes  through  the  entire  so-called  nerve-corpuscle  to  end  at 
its  periphery    (Fig.    135),  terminate  on    a  nucleus 

of  the  said  nerve-corpuscle,  or  (7)  traversing  the  entire 
nerve  corpuscle,  may  wind  itself  round  one  or  many  nuclei, 
and  end  on  the  last  or  furthermost  nucleus. 

His  chief  argument  lies  in  the  fact  of  the  black  coloura- 
tion found  in  Golgi-stained  preparations,  and  he  has 
adduced  no  proof  that  what  he  has  described  as  nerves 
are  nerves.  Thus  he  writes  (page  383  op.  cit.)  "The 
nerves  which  appear  in  the  dentine  when  treated  by  the 
silver  method,  show  black  filaments  of  very  varied  length  and 
thickness.  Their  intense  black  colour,  and  different  peculiari- 
ties—characteristic of  nerves — leave  no  doubt  of  the  identity 
of  these  fibres  with  nerve  filaments.  In  regard  to  the  wealth 
or  number  of  nerves,  probably  no  one  part  of  the  tooth  is 
materially  distinguished  from  anotlier.  There  is,  however, 
probably  a  distinction  in  regard  to  the  mode  of  their  division 
and  termination.  It  is  the  dentinal  canaliculi  which  for  the 
most  part  contain  the  longer  nerve  filaments :  there  occur, 
however,  many  more  nerve  filaments  than  are  in  the  dentinal 
canaliculi  proper,  which  run  between  these,  and  in  the  same 
direction,  in  approximately  the  same  direction,  and  in  quite 
a  different  direction.    The  same  direction  as  that  of  the 


*  "  Uber  das  Vorkommer  von  Nei  ven  in  cler  hartern  Zahnsubstanazen."  Deutsche 
Monat.fur  Zahnheilkiimh,  p.  436,  1802  ;  also  Deulsrhe  Monaf.  f  ur  Zalinhcilkunde, 
p.  iM,  1895. 
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Figs.  136  to  143. — To  shew  in  a  diagiammatic  manuer  the  various  conceptions  as  to  the  method 
of  termination  of  the  non-medullated  nerve  fibres  in  the  pulp.  Fig.  136,  accordinj,^  to  Boll ; 
F'.g-  137.  according  to  Magitot ;  P"ig.  138,  according  to  Ret/ius;  Fig.  139,  according  to 
Aitchison  ]<.obertson  ;  Fig.  140,  according  to  lliinier  ;  Kig.  141,  according  to  Huber;  Fig. 
142,  according  to  Pont  ;  and  Fig.  143,  according  to  the  author.  K.  Enamel  ;  U.  Dentine  ; 
B.  Limit  of  pulp  tissue;  o.  Odontoblast';  n.  Non-medullated  nerve  fibre  termination; 
N.s.  Neuron  in  spinal  cord  ;   s.R.  Stellate  cells  connected  with  the  odontoblasts.  N.i>. 

Nerve  plexus  of  non-medullated  fibrils. 
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dentinal  canaliculi  is  observ^ed  chiefly  in  the  crown  portion 
of  the  teeth,  it  is  therefore  more  difficult  to  distinguish  nerves 
therefrom  other  fibril  constituents  than  it  is,  for  instance,  in 
the  root  portions." 

However  circumstantial  in  detail  these  appearances  may 
be,  no  one  else  has  seen  them,  though  the  writer  has  noted 
somewhat  similar  structures  several  times. 

10.  Schafer'  says  "the  nerves  end  in  fine  non-medullated 
fibrils,  which  are  distributed  abundantly  at  the  surface  of  the 
pulp,  and  run  up  between  the  superficial  cells,  but  they  have 
not  been  traced  into  the  dentinal  tubules." 

11.  Howard  Mummery  has  devoted  much  patient  labour 
to  the  elucidation  of  the  nerve  arborisations,  but  by  using  an 
iron  and  tannin  stain,  has  only  succeeded  in  following  them 
to  the  odontoblast  region. 

12.  M.  Pont  in  a  contribution  to  the  Trans,  of  the  III. rd. 
International  Dental  Congress,  Paris,  1900,  on  "La  cataphorese 
en  art  dentaire  et  plus  specialement  dans  les  cas  de  dentine 
hypersensible  "  says  :  "  La  description  des  odontoblastes 
rapelle  absolument  celle  des  neurones  sensoriels  peripheriques, 
et  nous  croyons  que  les  odontoblastes  sont  des  cellules 
nerveuses  dont  les  prolongements  peripheriques  constituent 
la  voie  cellulipete  et  les  prolongements  pulpaires  la  voie 
cellulifuge." 

13.  For  many  years,  the  present  writer  has  endeavoured 
to  demonstrate  the  ultimate  ramification  of  these  nerves. 
His  then  views  were  set  forth  at  some  length  in  the  Trans. 
Odonto.  Soc.  of  Gt.  Britain,  November,  1893.  Some  of  the 
arguments  are  reproduced  in  the  Appendix.  Since  that 
communication  appeared,  he  has  still  confined  his  investiga- 
tions to  the  pulps  of  the  teeth  of  man,  and  has  obtained 
abundant  evidences  of  the  presence  of  non-medullated  nerve 
fibres  at  the  periphery  of  the  pulp.  The  photomicrograph 
•Fig.  119  represents  a  teased  preparation  of  the  medullated 
fibres,  which  go  to  form  a  component  part  of  the  plexus  of 
Raschkow.    It  was  made  thus  :— A  recent  tooth,  unaffected 

' "  yuaiii's  Analomy,"  vol.  111.,  part  iv,,  p.  31.  iSyC. 
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in  any  way  by  morbid  influences,  on  being  carefully  split  in 
the  jaws  of  a  vice,  is  found  to  have  covering  the  inner  surface 
of  the  dentine  a  moist,  colourless,  almost  invisible  film. 
Removal  of  this  and  staining  with  suitable  reagents  revealed 
a  tangled  mass  of  medullated  nerve  fibres.  The  staining 
reagents  used   were  not  especially  appropriate   for  non- 


Fig.  144.— Non-medullated  nerve  fibres  in  the  dental  pulp  of  man.  From 
a  drawing  by  the  author.    One  fibre  is  seen  approaching,  on  the  left,  its 
terminal  arborisations.    Stained  by  Dogiel's  method.    Magnified  750 

times. 

medullated  fibres.  In  other  parts  of  the  tissue  numerous 
nerves  of  the  latter  class  could  be  readily  stained  by  using  a 
A  per  cent,  physiological  solution  of  methylene  blue,  "  fixing  " 
in  picrate  of  ammonia,  and  mounting  in  glycerine. 

As  the  result  of  his  researches,  the  author  has  the  strong 


Fig,  145. — Longitudinal  section  of  llic  juilp  of  a  human  incisor  tootli. 
Stained  byiord  Robertson's  modification  of  Heller's  stain.  Magni- 
fied 40  times.    Shews  the  general  arrangement  of  the  medullated  nerve 
bundles.    From  a  section  prepared  by  Storer  Bennett. 
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conviction  that  these  fibres  terminate  in  a  basket-work  of 
varicose  fibres  embracing  and  often  closely  attached  to  the 
cell  walls  of  the  individual  odontoblasts.     The  sensory 


Fig.  146. — The  same  as  the  preceding.    Magnified  250  times. 


currents  are  traced,  in  this  way,  from  the  amelo-dentinal 
junction  through  the  dentinal  fibrils,  odontoblasts,  arborisa- 
tions of  non-medullated  nerves  to  the  medullated  fibres  of 
the  pulp. 


CHAPTER  IX 


THE   ALVEOLO-DENTAL  PERIOSTEUM 

Microscopical  Elements  :—(i)  "Principal"  fibres;  (ii)  Connective 
tissue  fibres  ;  (iii)  Blood  vessels  ;  (iv)  Nerves  ;  (v)  Epithelial 
masses ;  (vi)  Osteoblasts  ;  (vii)  Osteoclasts ;  (viii)  Sharpey's 
fibres ;    (ix)    Calcospherite  spherules. 

GENERAL  CHARACTERISTICS 

Definition. — The  thin  connective  tissue  with  extensive  vas- 
cular and  nervous  systems  which  intervenes  between  the  ex- 
ternal surface  of  the  cementum  of  teeth  and  the  bone  of 
their  alveolar  sockets.  Its  synonymous  terms  are  :— "  Peri- 
odontal membrane,"  "  root  membrane,"  "dental  periosteum, ' 
or  "  alveolo-dental  ligament."  The  expression  "Periodontal 
membrane  "  is,  for  the  sake  of  convenience,  used  here  and 
throughout  this  work. 

Origni. — It  is  derived  from  the  outer  layers  of  the  dental 
follicle. 

DistribiUion.— It  exists  in  all  teeth  attached  to  the  jaws  by 
gomphosis  articulation,  viz. :  those  of  man  and  most  mammals, 
crocodiles,  and  a  few  uncommon  fish.  The  teeth  of  the  vast 
majority  of  fishes,  and  some  reptiles,  are  fixed  by  either 
ankylosis  hinge  or  membrane.  In  these  the  periodontal 
membrane  is  wanting. 

The  gingival  portion  of  the  periosteum,  according  to 
Stohr,_  is  called  the  "  annular  dentinal  ligament." 

Mncroscopical Appearances.— K  wliite  dense  membrane  cover- 
ing over  the  roots  of  teeth,  it  varies  in  thickness  in  diflFerent 

'   Stohr,  "  Text.l)Ook  of  Histology,"  Wurzburg  ;   p.  218,  1901, 


THE  ALVEOLO-DENTAL  PERIOSTEUM 


individuals,  in  different  teeth  in  the  same  mouth,  and  at 
varying  periods  of  life.  It  is  thickest  in  childhood 
and  thinnest  in  senility.  In  measurement,  in  adult 
ag-e,  it  ranges  from  o'z  mm.  to  0-3  mm.  in  width,  and 
from  8  to  20  mm.  in  length.  These  are  average  statistics  : 
in  the  localities  where  it  dips  into  bays  or  recesses  of  the 
alveolar  process,  the  width  is  proportionately  increased. 
Its  microscopical  nature  is  best  studied  when  the  tissue  is 
retained  in  situ,  easily  accomplished  in  sections  prepared  by 
fixing  and  hardening  the  soft  part  first  in  formalin,  or 
Miiller's  fluid,  and  afterwards  decalcifying  with  hydrochloric 
or  other  acids,  and  finally  cutting  on  an  ether- freezing  micro- 
tome. 

HISTOLOGY 

The  several  parts  of  the  minute  structure  of  the  periodontal 
membrane  may  be  described  as  follows  :— (i)  The  fibrous 
elements;  (ii)  Cells;  (iii)  Blood  vessels;  (iv)  Nerves;  (v) 
Calcospherite  spherules. 

I. — The  Fibres 

The  fibrous  elements  are  grouped  into  two  separate  and 
specific  divisions,  which,  however,  are  indistinguishable  ana- 
tomically :— (A)  The  "principal"  fibres,^  and  (B)  The 
ordinary  and  less  important  connective  tissue  fibres. 


The  principal  fibres  of  which  the  greater  part  of  the  mem- 
brane is  composed  are  of  the  white  connective  tissue  variety, 
no  elastic  fibres  whatever  being  present  (Black).  INIany  are 
fasciculi  of  delicate  wavy  fibrils  gathered  together  to  form 
coarse,  strong  bands ;  but  more  commonly  they  run  in  loose 
bundles.  At  the  neck  of  the  teeth  they  pass  immediately  out- 
ward from  the  cementum,-the  fibres  generally  lying  fairly 
parallel  to  each  other,-to  be  inserted  into  the  fibrous  mass 

,«8-^,  '''■'^  suggested  by  Black  in  "Periosteum  and  Peridental  Membnne  " 

i88„  to  wliom  a  great  deal  of  our  knowledge  of  tl,e  histology  of  this  Us^rlrrs  due  ' 
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Of  gum  t.ssue.  Nearer  the  radicular  portion,  the  fibres  merge 
into  the  connective  tissue  fibres  of  the  periosteum  of  the 
alveolus,  from  which  they  cannot  be  readily  distinguished 
In  the  apical  space  they  are  very  irregular,  or  may  be  almost 
absent,  this  portion  of  the  socket  of  the  tooth  being  filled 
with  small  cells,  and  few  fine  fibres  (the  "  indifferent  tissue  " 
ot  Black),  with  abundant  room  from  the  passage  of  blood- 
vessels and  nerves.    The  apical  space  may  measure  0-5  mm. 


A 
O, 
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■^i?'  147- — Transverse  section  of  the  periodontal  membvaue  of  man  in  situ. 
Prepared  by  the  Authoi's  process.  Stained  with  Ehrhch's  acid  ha3ma- 
toxylene.  Magnified  250  times.  i\r.  The  root-membrane  with  its  fibres 
and  cells  ;  J!.  Its  blood  vessels  ;  and  E.  Its  epithelial  gland-like  bodies. 
D.  Dentine;  c.  Structureless cementum  ;  A.  Bone  of  the  alveolus;  o,, 
Osteoblasts  on  the  wall  of  the  alveolus  ;  o„.  Osteoblasts  ou  the  surface 

of  the  cementum. 

in  depth.  At  the  surface  of  the  gum  the  fibres  course  in 
wavy  lines  directly  outwards,  i.e.,  at  right  angles  to  the  long 
axis  of  the  tooth,  and  then  suddenly  upwards  to  be  inserted 
into  the  gum  ;  at  the  neck  of  the  tooth  near  the  alveolar  mar- 
gin they  are  inclined  root-ward,  and  are  inserted  into  the 
bone  or  periosteum.  At  the  mid-distance— otherwise  the 
alveolar  portion  of  the  membrane,— they  run  squarely  across  ; 
but  near  the  apex  of  the  root,  they  assume  a  crownward 
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direction.    At  the  apical  region  itself  they  radiate  from  the 
cementuni  to  the  bone. 

The  fibres  which  arise  from  the  cementum  are  finer  than 
those  inserted  into  the  alveolus,  and  are  continuous  with 
Sharpey's  fibres  of  the  cementum  ;  and  the  large  ones,  as  a 
rule,  break  up  into  delicate  bundles  of  fibrils. 

They  all  pursue  a  rather  sinuous  course,  being  deviated 
from  straight  lines  by  the  presence  of  the  vascular  and  ner- 
vous zones  in  the  central  portions  of  the  membrane. 

B 

The  ordinary  fibres  are  found  among  the  foregoing.  They 
are  the  common  type  of  connective  tissue  fibres  with  nuclei 
and  tissue  corpuscles.  They  are  arranged  diagonally  to  the 
principal  fibres,  and  are  usually  difficult  to  distinguish,  on 
account  of  their  feeble  staining  properties. 

2. — The  Cells 

The  cellular  elements  are  of  several  varieties. 

(a)  The  lamellar  connective  tissue  corpuscles  are  spindle- 
shaped,  nucleated,  ramified,  and  very  prominent.  They  are 
called  "  fibroblasts  "  by  Black.  They  are  freely  distributed 
to  all  parts  of  the  membrane. 

These  cells,  or  corpuscles,  differ  in  no  essential  particular 
from  the  ordinary  cells  or  corpuscles  of  connective  tissues 
generally.  Thus,  they  are  nearly  always  of  the  flattened  or 
lamellar  pattern.  They  are  frequently  affixed  to  the  surfaces 
of  the  peripheral  fibres;  may  extend  between  several  fasciculi ; 
and  are  most  commonly  joined  by  means  of  branching 
processes,  which  in  this  manner  form  delicate  reticula 
throughout  the  tissue  between  the  principal  fibres. 

They  are  composed  of  clear  granular  protoplasm,  and  their 
nuclei  are  oval  or  fusiform  in  shape.  They  may  be  well  shown 
by  staining  the  membrane  in  situ  with  chloride  of  gold 
immediately  after  extraction,  stripping  from  the  surface  of 
the  cementum,  and  teasing-out  pieces  thus  removed  in  a 
plane  parallel  to  the  periphery  of  the  root. 


Fig.  148. — A  small  area  of  a  transverse  section  of  the  root  of  a  tooth,  and  a 
portion  of  the  periodonlal  membrane,  shewing'  glands.  D.  Dentine  ;  c.if. 
Cementum  ;  GL.  and  Gi.-.  Tubular  glands  (?)  winding  among  the 
fibres  of  the  membrane.      Photomicrograph  by  permission  of  G.  \'. 

Black. 
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Fig.  149. — Epithelial  bodies  ia  the  periodoulal  membrane.  CM, 
Cemenlum  ;  c.  h.  Osteoblasts  lying  between  the  fibres  of  the  mem- 
brane close  to  the  ccmeutiim  ;  g.l.  Epithelial  cells  with  nuclei  ;  C.C. 
Connective  tissue  cells.       Photomicrograph  bv  permission  of  G.  V. 

P>lacl<. 
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(/3)  Osteoblasts  are  flattened,  cubical,  or  irregularly-shaped 
nucleated  cells  applied  intimately  to  the  external  surface  of 
cementum  and  bone.  This  irregularity  in  shape,  in  the 
former  situation,  according  to  Noyes  ("American  Text  Book 
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Yi„  ICO— Shewing  gland-like  epithelial  bodies  lying  between   the  large 
"'white  fibres  of  the  root  membrane.  Dentine;   CM.  Cementum; 

C.B.  Osteoblasts;   or,,  or..,.  Glands  (?) ;   F.  Large  ^Jite  connective 
tissue  fibres.    Photomicrograph  by  permission  of  G.  \  .  JilacU. 

of  Operative  Dentistry,  p.  144,  iQOi),  is  caused  by  these  cells 
"  fitting  around  the  attached  fibres  of  the  membrane,  so  as  to 
cover  the  entire  surface  of  the  membrane  between  the  fibres." 
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They  are  called  "  cementoblasts  "  by  Black,  Noyes  and  others  ; 
but  no  points  of  morphological  difference  can  differentiate 
them  from  those  ordinary  osteoblasts  whicli  are  found  in  the 
inner  layer  of  the  periosteum  of  the  alveolus. 

(y)  Osteoclasts,  or  myeloplaxes,  are  multi-nucleated  giant 
cells,  oval  in  shape,  being  found  where  absorption  of 
either  bone  or  cementum  is  in  progress.  They  measure  30/v. 
in  diameter,  and  are  most  frequently  discovered  in  the  bay-like 
recesses  (the  foveolse  of  Howship)  on  the  periphery  of  these 
hard  tissues.  In  the  periodontal  membrane  they  lie  in  close 
contact  with  the  surface,  which  they  are  about  to  absorb, 
and  thus,  while  intervening  in  the  interfibrous  spaces, 
destroy  or  cut  off  the  ends  of  the  principal  fibres,  when  they, 
as  Sharpey's  perforating  fibres,  are  built  into  the  bone  or 
cementum. 

(8)  Epithelial  cellular  bodies  or  "  rests  "  are  not  infrequently 
observed  in  the  inner  portion  of  the  periodontal  membrane. 
They  appear  near  the  cementum,  just  outside  the  layer  of  osteo- 
blasts, and  are  seen  exceedingly  well  in  horizontal  sections. 
Very  pronounced  are  they  in  the  root  membranes  of  the  teeth 
of  the  sheep  and  pig,  less  so  in  man,  except  in  the  teeth  of 
the  young.,  Attention  was  originally  attracted  to  these  masses 
by  Malassez'  in  1885  ;  and  Black  described  and  figured  them 
in  "Periosteum  and  Peridental  Membrane,"  1887;  but  in 
ascribing  to  them  the  role  of  lymphatics,  he  was  probably 
incorrect,  as  no  true  lumina  have  ever  been  discovered,  and 
their  connection,  if  any,  with  the  deeper-lying  lymphatic 
system  has  never  been  traced.  This  worker  has,  however, 
modified  his  views  on  their  functions  and  character  in  his 
latest  addition  to  the  literature  of  the  subject.  {The  Dental 
Cosmos,  p.  loi,  1899). 

Most  probably,  whatever  be  their  functions,  they  take  their 
origin  from  scattered,  unabsorbed,  or  unatrophied  remnants 
of  the  epithelial  sheath  of  Hertwig,  as  was  first  pointed  out 

•  '  "°"^?t,^'''^'^"'=^°f^^«sse.s  of  Epithelium  round  the  Roots  of  Adult  Teetb 
m  a  Normal  State."   Journal  of  tlu  Brit.  Bvnl.  Associcttion.  ' 
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by  von  Erunn',  or  from  remains  of  the  zahnleihte,  which  have 
persisted  after  disappearance  of  that  structure. 

Under  magnifications  of  250  or  higher,  their  histological 
characteristics  can  be  easily  discerned  in  suitably  stained 
cases." 

Situated  between  the  principal  fibres,  and  running  gener- 
ally in  an  outward  direction,  they  assume  the  form  of  cords 
or  tube-like  collections  of  epithelial  cells,  each  of  which  con- 
tains in  the  centre  a  large  oval  nucleus.  Surrounding  each 
"rest"  is,  apparently,  a  very  delicate  basement  membrane. 
Cut  obliquely,  there  is  some  trace  of  what  might  be  a 
lumen  ;  but  the  glandular  nature— or  otherwise — of  these 
bodies  as  described  by  Black  requires  more  investigation  and 
confirmation  before  dogmatic  statements  as  to  their  real 
character  can  be  expressed. 

Regarding  the  so-called  gingival  gland.  Black  writes  as 
follows  : — "  This  is  a  small  lobulated  mass  of  connective 
tissue  cells  lying  close  to  the  attachment  of  the  gum  to  the 
tooth  at  the  gingival  line.  It  is  mostly  included  within  the 
prolongations  of  the  epithelium  of  the  gingival  space, 
or  that  which  covers  the  portion  of  the  free  margin  of 
the  gum  lying  next  to  the  neck  of  the  tooth.  It  has 
a  strong  glandular  appearance.  Its  cellular  elements 
are  not  epithelial,  but  are  round  connective  tissue  cells. 
These  are  in  lobules,  divided  in  part  by  delicate 
hyaline  membranes,  which  often  appear  double  in  sections, 
occasionally  giving  the  appearance  of  ducts.  But  close 
studies  of  them  indicate  rather  that  they  are  duplicatures  of 
the  membrane  envelope.  In  part,  the  lobules  are  divided  by 
epithelial  bands  from  the  prolongations  of  the  epithelium  of 
the  gingivae.  A  strong  epithelial  band  from  the  gingival 
epithelium  encircles  the  whole  mass  and  parts  it  from  the 
neighbouring  tissues  except  at  its  base.  In  cross  sections 
this  epithelial  band  is  seen  to  be  a  continuous  sheet  without 
break.    Though  definitely  lobulated,  this  body  does  not  seem 

1  Archil:  fiir  Mikroskop.  Anatomic,  1887. 
-  Hremato.\ylene  is  a  useful  reagent. 
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Fig.  151. — Supposed  duct  of  fjlands  of  the  root  membiane,  starling  from  a 
fjroup  of  glands  not  sliewn  in  the  liekl.    CM.  Cemcntum  ;  D.'i'i,  1J.T„, 
J-).Tj,Duct;   K.  Fibres  of  the  iriembrane.    b.i,.  Blood-vessels.  Pholp. 
micrograph  by  permission  of  G.  V,  Black. 
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Fig.  152. — The  so-called  ginj^ival  gland,  s.r..  .s.c.  Gland  ;  cm.  Cenientuni 
parted  from  the  dentine  ;  n.m.  Nasmylh's  membrane  separated  from  the 
enamel  bj'  the  acid  used  in  decalcilication  ;  J'MM,.  K])ithelial  column 
dividing  the  gland  from  the  surrounding  tissues  ;  exccj)!  at  its  base;  K. 
]£pithelial  cells ;  K.P,  E]iithelium  of  outer  portion  of  free  margin  of 
the  gum  ;  G.T..  Glands  of  root  membrane  ;  J).T,  Duct  leading  from  glands 
towards  thegingivus  ;  n.T., .  Small  loo|)  of  second  duct.  K  Fibrous  tissue 
of  the  gum.    Photomicrograph  by  permission  of  G.  \'.  Black, 


THE  ALVEOLO-DENTAL  PERIOSTEUM 


185 


to  possess  the  character  of  a  gland,  and  I  should  not  suppose 
from  an  examination  of  this  tissue  that  it  had  a  glandular 
function.  It  encircles  but  a  portion  of  the  neck  of  the  tooth, 
usually  only  the  approximal  portion,  thinning  away  towards 
the  buccal  or  lingual,  so  that  in  many  of  the  lengthwise 
sections  it  may  be  very  small  or  does  not  appear  at  all." 

3.  — The  Vascular  System 

This  lies  in  the  central  zone  of  the  tissue  and  is  exceed- 
ingly abundant.  Arterial  branches  having  a  common  origin 
with  those  of  the  pulp  pass  towards  the  crown  from  the 
apical  space.  Running  thence,  they  branch,  divide,  and  sub- 
divide and  are  freely  distributed  through  the  body  of  the 
membrane,  meeting  and  inosculating  with  the  vessels  of  tiie 
gum  and  periosteum,  and  even  occasionally  of  the  Haversian 
systems  of  the  alveolar  bone. 

The  capillary  network  is  scanty,  the  blood  supply  of  the 
membrane  being  chiefly  arterial  and  venous.  Of  the  former 
the  largest  vessels,  in  horizontal  section,  may  measure  o'05 
mm.  to  o'l  mm.  in  diameter. 

The  veins  accompany  the  arteries. 

4.  — Tlie  Nervous  System 

The  exact  manner  of  the  distribution  and  nature  of  the  ulti- 
mate terminations  or  ramifications  or  anastomoses  of  the 
nervous  supply  of  the  root  membrane  is  unknown  :  it  is  a 
branch  of  Dental  Histology  which  has  been  practically 
ignored. 

According  to  Noyes,however,"six  or  eight  medullated  fibres 
enter  the  apical  region  in  company  with  the  blood-vessels, 
and  they  receive  other  trunks  through  tlie  walls  of  the  alveo- 
lus and  over  the  border  of  the  alveolar  process."  {Op.  cil. 
P-  155)- 
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5 . — Calcosplierite  Spherules 

Tiny,  almost  structureless,  rounded  masses  of  calcoglobu- 
lin,  called  calcosplierite  spherules,  may  occasionally  be  found 
near  the  epithelial  bodies.  They  are  more  constant  in 
inflammatory  conditions  of  the  membrane,  {q-v^. 


CHAPTER  X 


A   GROUP    OF    MINOR    STRUCTURES.    THE  ABSORBENT 
ORGAN-THE  DENTAL  FOLLICLE— THE  GUM— THE  LINING 
MEMBRANE  OF  THE  ANTRUM  OF  HI  G  HMO  RE 

THE     ABSORHENT  ORGAN 

Microscopical  Elements  :— (i)  Connective  tissue  stroma  ;    (li)  Osteo- 
blasts ;  (iii)  Foveohi;  of  Howsliip. 

GENERAL  CHARACTERISTICS 

Definition. — A  delicate  vascular  structure  spread  over 
portions  of  the  roots  of  the  deciduous  teeth  of  man,  during  the 
periods  when  they  are  about  to  be  shed. 

Origin. — From  the  outer  layer  of  the  dental  follicle  of  the 
permanent  teeth. 

Macroscopical  Appearance:. — A  thin,  white,  insensitive  organ 
covering  the  excavated  parts  of  the  roots  of  temporary  teeth 
loosened  by  the  impending  eruption  of  their  permanent 
successors.  It  can  be  easily  removed  from  the  dentine,  but 
is  best  observed  and  studied  when  retained  in  sHii.  It  may 
also  be  seen  as  a  soft  reddish  papilla  over  the  crowns  of  the 
erupting  teeth.  ,  •  . 

HISTOLOGY 

Vertical  sections  exhibit  a  tissue  composed  of  cells  and 
blood  vessels  imbedded  in  a  dense  connective  tissue  stroma. 

The  cells  are  usually  small  and  round,  with  round  or  oval 
prominent  nuclei.  On  the  surface,  and  fitting  the  foveolce  of 
Howship — large  bay-like  crescentic  excavations  in  the' dentine 
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I'ig-  153- — The   absorbent   organ.      Prepared   by  the  Author's  process. 
Stained    with    Ehrlich's    acid  ha;matoxylene.     Magnified  40  times, 
o.  Absorbent  organ  ;  D,  Dentine  of  the  deciduous  tooth. 


jTjj,^  ,        Same  as  the  preceding.    Magnilied  250  limes.    H.  A  Howship's 
fovcola  with  ils  giant-celled  occupant,    i).  Dentine  of  the  deciduous 

molar. 
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-are  found  large  multi-nucleated  giant  cells  which  correspond 
in  many  particulars  with  osteoclasts.  In  fact,  they  may  be 
considered  to  be  nothing  more  nor  less  than  these  specially 
organised  cells.  The  cells  which  make  up  the  main  mass  of 
the  organ  are  of  the  ordinary  variety.  They  are  not  osteo- 
blasts, in  the  general  acceptance  of  the  term,  but  may  take 
on  a  lime-depositing  function,  as  sometimes  there  are 
evidences  in  physiologically-absorbed  roots  of  new  deposi- 
tions of  dentinal  matrix. 


Fig.  155. —The  absorbent  organ ift  «4tt.  Prepared  and  stained  as  in  Fig. 
153.  Shews  a  deposition  of  dentine  matrix  (witli  a  few  scattered  cells 
embedded  in  it)  in  the  excavated  portions  of  the  dentine.  Magnified 
50  limes,  o.  Absorbent  organ  ;  D.  Dentine  of  deciduous  tooth  ;  M. 
Dentinal  matrix  containing  nucleated  cells  ;  A.  Albumenoid  material 
undergoing  calcification. 

In  the  two  accompanying  photomicrographs,  Figs.  155  and 
156,  it  will  be  seen  that  a  kind  of  hyaline  matrix  has  been 
laid  down,  in  the  excavated  portions  of  the  roots  of  the 
deciduous  teeth.  This  nearly  homogeneous  material  may  at 
times  present  nothing  more  than  a  coarse  granularity,  or,  at 
times,  shew  a  finely-fibrillated  reticulum  with  large  round 
nucleated  connective  tissue  cells  imbedded  in  its  midst.  Both 
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forms  closely  recall  those  two  kinds  of  adventitious  dentine 
found  m  the  pulp  known  as  hyaline,  and  cellular.  [,,.v.) 
Here,  again.is  another  remarkable  instance  of  dentinal  matrix 
being  produced  without  the  aid  of  the  so-called  odontoblasts. 

The  vessels  are  very  numerous,  but  comparatively  large 
nerves  other  tlian  vaso-motor  branches  are  probably 
absent. 


V  /  H 


F'g-  ISC'-— A  similar  section  to  the  preceding.    Prepared  aud  stained  as  ia 
Fig.  [53.    Magnified  250  times.     H.  The  foveolce  of  Howship  filled 
with  calcified  dentinal  matrix. 


THE     DENTAL  FOLLICLE 


Microscopical  Elements  :— (i)  Outer  and  Inner  Portions  ;  (ii)  Fibres  ; 
(iii)  Glands. 


GENERAL  CHARACTERISTICS 

Definihon. — A  sac- like  investment  of  fibrous  tissue  of  the 
non-erupted  teeth  of  man,  and  many  animals,  which  dis- 
appears after  histogenetic  periods  have  passed. 

Origin. — From  the  meso-blastic  cells  of  the  outer  portion  of 
the  dentinal  papilla. 
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MacroscopicalAtpearances.-K  rather  tough,  pale  membrane 
easily  stripped  off  the  surface  of  teeth  which  have  not  yet 
arrived  at  the  proper  time  for  eruption. 

HISTOLOGY 

It  is  composed  of  bundles  of  white  connective  tissue  fibres, 
running  in  a  complex  and  varied  fashion  and  interlacing  in 
all  directions.     The  cellular  elements,  as  well  as  the  vascular 


Fig.  157.— Sagittal  section  in  the  incisor  and  canine  regions  of  mandible  01 
a  young  heifer.    Prepared  by  cutting  through  the  jaw  with  a  saw 
while  in  the  lecent  state.     Actual  size.    Shews  (p)  the  permanent 
tooth  in  its  (i-  )  follicle  ;  T.  Fully-erupted  temporary  incisor. 

supply,  are  scant)'.  The  outer  portion  is  less  dense  than  the 
inner,  but  it  cannot  be  removed  as  a  separate  layer  from  the 
latter,  as  neither  is  divided  by  a  pronounced  line  of  demarca- 
tion. The  inner  is  dense,  and  is  covered  on  its  free  surface, 
the  part  directed  towards  the  enamel  and  cenientum 
with  a  flat  layer  of  epithelial  cells,  which  are  manifestly  part 
of  the  layer  of  polygonal  cells  of  Nasmyth's  membrane. 
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Running  inwards  towards  this  cellular  layer  groups  of 
tubular  epithelial  glands  wind  between  the  fibres.  They  are 
simple  bodies,  though  sometimes  they  may  branch.  Their 
lumina  are  very  narrow,  often  most  indistinct ;  but  the 
epithelial  cells  which  line  the  basement  membrane  are  cubical 
in  shape  and  have  large  prominent  nuclei.  They  end  in  cnls 
de  sac.     Their    function   is    unknown,    and    their  origin 


Fig.  158.— A  tubular  gland-like  structure  from  the  dental  follicle  of  man. 
Prepared  by  "fixing,"  hardening,  and  cutting  on  an  ether-freezing 
microtome.    Stained  with  Ehrlich's  acid  hcematox3-lene.  Magnified 

250  times. 

doubtful,  although  it  is  quite  possible  that  they  may  be 
derived  originally  from  "  rests "  of  the  epithelium  of  the 
zahnleiste. 

THE  GUM 

Microscopical  Elements  :—(i)  Epithelium  of  the  mucous  membrane  ; 
(ii)  Simple  and  compound  papill.x  ;  (ill)  Mucous  glands  ;  (iv)  Fat 
lobules  ;  (v)  Bloodvessels  ;  (vi)  "  Glands  "  of  Serres. 

GENERAL  CHARACTERLSTICS 

Defimtion.~T\\Q  soft  dense  tissue  which  clothes  the 
alveolar  processes  of  the  jaws,  being  intimately  connected 
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with  their  periosteum,  and  yurrounding-  the  necks  of  the 
teeth. 

Origin. — The  superficial  epithelial  portion  is  derived  from  the 
stomodaeal  epiblast,  the  submucous  tissue  from  the  stomodeeal 
mesoblast,  both  due  to  the  backward  involution  of  these  parts 
of  the  blastoderm  between  the  maxillary  and  mandibular 
processes  of  the  head. 

This  involution  deepens  and  extends  further  backwards, 
till  a  thin  partition  only  intervenes  between  it  and  the 
ctecal  extremity  of  the  fore-gut.  On  the  absorption  of  this, 
connection  with  the  pharyngeal  cavity  is  permanently 
established. 

Macroscopical  Appearances— T\\q  gum  is  a  smooth,  firm, 
pale  pink  tissue  round  the  necks  of  the  teeth,  continuous 
externally  with  the  sulci  between  the  lips  and  cheeks,  and 
internally  with  the  hard  and  soft  palates,  floor  of  mouth  and 
root  and  sides  of  tongue. 


HISTOLOGY 

The  minute  anatomy  of  the  gum  may  be  conveniently 
considered  under  the  following  heads :— (A)  The  mucous 
membrane  ;  (B)  The  submucous  tissue. 


^  The  mucous  membrane  is  essentially  of  a  stratified  epithe- 
lial character,  consisting  as  it  does  of  several  layers.  On  the 
surface  are  squamous  epithelial  cells  of  large  size,  which 
overlap  each  other  to  some  extent.  Deeper,  they  become 
more  cubical  in  shape,  but  the  deepest  of  all  are  columnar 
m  outline,  and  form  the  rcte  Malpig/ui,  resting  on  an  exceed- 
ingly thm  basement  membrane.  In  the  lower  layers  the 
shape  of  the  cells  is  modified  by  their  mutual  apposition, 
ihey  fit  each  other  very  closely.  The  epithelium  of  the  gum 
can  be  divided  into  the  layers  known  as  the  sfrafmn  comcnm 
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Fig.  159. — Vertical  section  of  tlie  gum.    Prepared  similarly  to  Fig.  158.  Stained 
witli  Ehrlicli's  acid  li.xniatoxylene.    Magnified  50  times.    A.  Oral  epithelium  ; 
P.  Papilla  of  the  submucous  tissue;  ('.  Connective  tissue  fibres  interlacing  in 
all  directions;  tj.  Scanty  cellular  elements  ;  v.  Blood-vessel;   r.r.  Parts  of  the 
section  torn  in  cutting ;  ji.  Alveolar  bone. 
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stratuvi  lucidiivi,  and  strntum  granulosum,  as  in  the  epidermis, 
and  possibly  there  is  eleiden  or  granular  material  deposited 
in  the  older,  more  superficial  cells. 

The  deeper  cells  are  more  protoplasmic  than  the  others, 
undergo  repeated  karyokinesis,  and  gradually  push  outwards 
the  latter,  which  ultimately  become  lost  by  abrasion. 

Many  "spiny"  cells,  separated  by  systems  of  wide  intercell- 
ular channels,  are  often  noticed  in  the  layers  nearest  to  the 
rete  nmcosum  or  Mnlpiglni. 


Fig.  160.— Vertical  section  of  the  oral  epithelium.    Stained  with  Ehrlich's 
acid  h£Ematoxylene.    Magnified  250  times,    o.e.  Epithelium  of  gum 
(oldest  cells) ;  b.h.  Intercellular  bridges  of  the  "  spiny"  cells  ;  R.  Rete 
Malpighii  ;  c.  Corium. 


This  last  named  consists  of  a  very  folded  line  of  columnar 
cells,  placed  vertically  on  the  surface  of  the  papilln?,  which 
are  formed  by  the  submucous  tissue. 

The  epithelial  mucous  membrane  is  perforated  here  and 
there  to  allow  the  passage  of  the  ducts  of  many  mucous 
glands,  which  are  present  in  the  sub-lying  region. 
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B 

The  sub-mucous  tissue  consists  of  dense  bundles  of  connect- 
ive tissue  arranged  throughout  its  substance.  These  are 
closely  associated  with  the  fibres  of  the  alveolar  periosteum, 
ctnd  at  the  necks  of  the  teeth,  with  the  "  principal "  fibres  of 
the  alveolo-dental  periosteum.  They  pass  outwards  in  fan- 
shaped  fasciculi  to  the  surface  of  the  numerous  papillae. 

The  latter  are  large  elevations  of  the  submucous  fibrous 
tissue.  They  form  the  base  on  which  the  cells  of  the  rete 
mucosiivi  rest,  and  between  them  are  depressions  which  vary 
indefinitely  in  size  and  shape.  A  simple  papilla  consists  of 
one  large  mound  or  elevation  of  vascular  fibrous  tissue,  the 
term  compound "  being  applied  to  those  larger  ridges, 
which  are  further  sub-divided  by  smaller  ones  passing  in 
from  without.  The  papillee  are  visible  to  the  naked  eye,  if, 
after  removal  of  the  epithelium  by  means  of  some  dissociat- 
ing fluid,  the  free  surface  of  the  gum  be  examined. 

Other  constituents  of  the  sub-epithelial  tissue  are  : — 

(i)  Small  lobules  of  fat  cells — tiny  oval  vesicles  (each 
cell  being  about  70/x  in  diameter) — of  adipose  material 
gathered  together  into  clusters,  and  imbedded  in  a  fine  reticu- 
lum of  areolar  connective  tissue  ;  (ii)  Mucous  glands, 
similar  to  those  described  on  page  201  ;  (iii)  Blood-vessels, 
which  are  abundantly  distributed  ;  (iv)  Scanty  nerve 
fasciculi;   and  (v)  the  so-called  "glands  "of  Serres. 

The  last  named  (see  Figs.  230  and  232),  according  to 
Tomes  [gp.cit..^.  102),  are  "small  round  aggregations  of 
pavement  epithelium,  met  with  at  a  little  depth,  or  even 
bedded  in  the  surface."  These  have  no  known  function,  but 
are  remnants  of  the  dental  formative  organs.  Bland-Sutton 
and  R.  R.  Andrews'  consider  them  to  be  histologically  com- 
parable to  young  enamel  organs;  but  Sayre  Marshall' 
erroneously  describes  them  as  lobulated  glandular  structures. 

1  "American  Text-Book  of  Operative  Dentistry,"  \\  Oo,  i')Oi. 
^  "Principles  and  i'racticcs  of  Operative  Dentistry,'  p.  5f<-  i')0>- 
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MICROSCOPICAL  ELEMENTS  '.-(i)  Epithelium  ;    (ii)   Submucous  Tissue  ; 
(iii)  Glands. 

GENERAL  CHARACTERISTICS 

The  histology  of  this  tissue  seems  to  have  escaped  the 
notice  of  workers,  who,  generally  speaking,  have  contented 
themselves  by  saying  that  it  is  continuous  with,  and  similar 
to  the  Schneiderian  mucous  membrane  of  the  nose. 

Thus  Tomes  [op.  cii-  ^.  549)  says  that  it  is  ciliated,  but  differs 
from  the  lining  membrane  of  the  nasal  fossae,  in  that  it  is 
thinner  and  less  vascular. 

A  knowledge  of  its  minute  structure  is  important  because 
of  its  intimacy  with  the  roots  of  the  first  and  second  maxillary 
molars,  or  pre-molars,  and  the  fact  that  treatment  of  its 
diseased  conditions  not  infrequently  comes  into  the  province 
of  the  work  of  the  dental  surgeon. 

Regarding  its  anatomy,  wSappey^  describes  it  as  being  sup- 
plied with  glands,  which,  in  appearance,  are  much  like  the 
Meibomian  glands  of  the  eyelids.  They  are  irregularly  dis- 
tributed, and  much  scantier  than  those  of  other  mucous 
membranes. 

Definihon.—T\\Q  lining  membrane  of  the  maxillary  sinus, 
otherwise  called  the  Antrum  of  Highmore. 

Origin. — It  is  an  outward  involution  of  the  epiblast  of  the 
olfactory  fossae,  which  themselves  originate  at  a  point  below 
and  in  front  of  the  ocular  vesicle.  It  is  said  that  it  begins  to 
develope  about  the  fourth  month  of  intra-viterine  life. 

Macroscopical  Appearances. — A  thin  whitish  tough  mem- 
brane, very  readily  removed  from  the  bone,  and  in  places 

1"  Quant  au  sinus  maxillaire,  dies  (the  glands)  repandent  sur  tous  les  points  de 
ses  parois  avec  luie  telle  profusion,  ([u'il  serait  fort  difficile  d'enfairelcdenombrement. 
.  .  .  Ces  glandes  all'ectent,  du  reste,  toules  les  dimensions  et  toutes  les  formes 
possibles  :  il  y  en  a  de  tres  considerables  et  de  tres  compliques,  demoyennes,  et  plus 
simples,  de  petites,  de  trt'S  minimes,  ct  enfin  d'uni-utricular.  J^es  uues  revetent  la 
forme  arrondie,  d'autres  la  forme  rameuse,  d'aulrcs  les  formes  intermcdiares.  Elles 
sont  surtout  remarquables  par  la  dilatation  extrcment  fitiqueute  de  leur 
conduit,  en  sorte  cjue  sur  un  yrande  nombre,  d'entre  elles  il  exisle  un  kyste, 
naissant,  ou  ayant  dej;i  ac(|uis  uae  certain  devcloppment  ou  completement  developpe." 
— "Traile  d'Anatomie,"  Vol.  HI.,  Paris,  p.  OOo,  1871. 
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thrown  into  slight  rugso.  In  old  subjects  {cet.  64)  patches  of 
pinkish  material  (inspissated  mucus)  may  be  seen.  The 
thinness  is  not  uniform,  in  health  large  territories  may  be 
found  somewhat  thicker  than  the  rest.  It  is  also  slightly 
thicker  over  the  situations  of  the  glands. 

It  measures  0-7  mm.  to  o-g  mm.  in  thickness.  The  white- 
ness is  due  to  lack  of  blood  supply,  which  is  particularly 
scanty.  The  vessels  come  from  the  anterior  and  posterior 
ethmoidal  branches  of  the  orbital  group  of  the  ophthalmic 
artery.  Bodecker,  in  this  connection,  says  [pp.  cif.)  "  The  blood 
vessels  are  principally  derived  from  the  mucous  membrane 
of  the  nasal  cavity,  although  some  of  the  smaller  branches 
arise  from  the  posterior  dental  arteries  through  the  alveoli." 

Its  toughness  depends  upon  the  large  amount  of  white 
connective  tissue  fibres  which  go  to  make  up  the  greater  pro- 
portion of  its  bulk.  Sections  curl  up  very  readily,  and  large 
pieces  can  be  torn  off  the  thin  bony  walls  to  which  it  is  but 
loosely  attachedby  fibrous  tissue. 


HISTOLOGY 

The  lining  membrane  presents  for  microscopical  examina- 
tion—(i)  An  epithelial  surface,  (ii)  sub-epithelialtissue,  (iii) 
certain  glandular  structures,  and  (iv)  its  periosteal  attach- 
ment. 

[i]  The  Surface  EpitJielium 

In  common  with  the  mucous  membrane  of  the  respiratory 
passages  (except  that  of  the  olfactory  region  of  the  nose),  the 
upper  surface  of  the  soft  palate,  the  nasal  region  of  the 
pharynx,  and  several  other  organs  of  the  body,  the  epithelium 
of  the  antral  mucosa  consists  of  a  transitional  layer  of  ciliated 
columnar  epithelial  cells,  situated  side  by  side,  and  on  and 
between  several  layers  of  variously  shaped  cells,  the  lowest 
stratum  of  which  is  placed  on  a  delicate  basement  membrane. 
This  covers  the  whole  of  the  mucous  membrane. 

The  layer  of  epithelium  measures  about  -02  mm.  in  depth 
in  young  subjects  [cBt.  25). 
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Each  superficial  cell  is  granular,  narrow,  more  or  less 
columnar  in  shape,  and  bears,  at  its  free  end,  a  number  of 
long  cilia,  which  are  securely  fixed  to  the  surface  of  a  clear 
disc.  The  attached  basal  extremity  of  the  cell  is  generally 
pointed  or  dichotomous. 

The  intervening  and  deep-lying  cells  are  pyriform  or 
polyhedral,  thus  called,  by  some  authors,  "  battledore  cells," 
whilst  the  deepest  cells  are  spherical.  All  have  very  pro- 
nounced oval  nuclei,  which  in  the  case  of  the  first-named  is 
situated  near  the  refractile  disc. 

Some  authors  consider  that  the  younger  spherical  cells 
finally  replace  those  possessing  cilia ;  but  probably  this  is 
not  true,  as  they  appear  to  contain  mucigen,  and  to  become 
ultimately  distended  into  the  shape  of  goblet-cells. 

At  intervals  numerous  goblet  or  chalice  cells  may  be 
observed  between  their  ciliated  neighbours, 

These  are  large  poculiform  bodies,  with  wide  open  mouths, 
which  are  directed  inwards  towards  the  centre  of  the  antrum. 
Each  contains  mucigen  and  an  indistinct  small  nucleus 
placed  at  its  distal  end.  The  mucus  may  entirely  or  onlv 
partially  fill  it;  but  sometimes  it  can  be  observed  in  sections, 
becoming  extruded  from  the  mouth  of  the  cell. 

[it]   The  Sub- Epithelial  Tissue 

is  very  loose,  and  sparsely  supplied  with  cells  and  blood-vessels, 
though  glands  are  fairly  abundant.  It  is  made  up  of  bundles 
of  white  connective  tissue  fibres,  which,  while  in  no  sense 
compactly  arranged,  are  still  very  tough.  The  writer 
has  never  noticed  the  presence  of  any  elastic  tissue  fibres  in 
this  membrane. 

{iii\   The  Glands 

are  of  great  interest.  They  are  visible  macroscopically  in 
suitably-stained  specimens,  as  pin-point  spots  more  deeply 
coloured  than  the  rest  of  the  tissue.  Seen  in  sections  cut  in  a 
plane  perpendicular  to  the  surface  of  the  bone  of  the  antrum, 
they  present  the  appearance  of  tubular  glands  ;  and  this,  no 
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doubt,  led  Sappey  to  assert  that  they  resemble  the  tube-like 
glands  in  the  eyelids.  Such,  however,  is  not  the  case,  for  if 
sections  be  made  in  an  oblique  direction,  or  in  a  plane 
parallel  with  the  surface  of  the  antral  bone,  below  the  level  of 
the  epithelial  layers,  they  are  at  once  recognised  as  compound 
racemose  bodies,  consisting  of  well-defined  lobules,  and 
having  single  ducts,  which  open  on  to  the  free  surface  of  the 
mucous  membrane. 


c 


Fig,  i6i.— A  mucous  gland  of  the  lining  membrane  of  the  Antrum  of  High- 
more.  Stained  with  Ehrlich's  acid  hajmatoxylene,  counter-stained 
with  eosine.  jNIagnilied  250  limes.  A.  Mucous  secreting  cells  in  activity  ; 
R.  Tlie  same  after  the  peiiod  of  activity  is  passed;  c.  Crescent  of 

Gianuzzi. 

The  largest  glands  measure  in  length  oS  mm.  to  1-3  mm., 
ando'2  mm.  to  o-6  mm.  in  depth.  The  lobules  assume  varying 
shapes  (see  Fig.  i6i),  and  are  held  together  by  delicate  strands 
of  connective  tissue.  Each  lobule  possesses  a  small  duct, 
which  communicates  with  a  larger  excretory  duct,  and  its 
constituent  parts  are  composed  of  a  number  of  alveoli  or 
acini.  Glands  during  rest,  and  after  a  period  of  activity,  are 
clearly  observed. 
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These  latter  consist  of  a  basement  membrane,  on  which 
rest,  by  means  of  their  broad  bases,  five  or  six,  or  more,  large 
polygonal  secretory  cells.  Others  often  fill  the  acini,  leaving 
but  little  room  for  lumina.  Their  translucent  interiors  are 
traversed  by  an  exceedingly  minute  reticulum  of  fibrils, 
which  includes  in  its  meshes  mucigen,  small  indifferent 
flattened  nuclei  being  placed  at  the  periphery  of  each  cell. 
The  crescents  or  lunulee  of  Gianuzzi— groups  of  small 
crescentic  granular  nucleated  bodies— may  be  found  occa- 
sionally in  places  between  the  bases  of  the  cells,  more  darkly 
stained  than  the  other  parts  of  the  acini. 


Fig.  162. — Diagram  of  Fig.  161  shews  the  secreting  mucous  cells  about  to 
begin  their  functions.    Several  crescents  of  Gianuzzi  can  be  seen. 

The  ducts  are  short,  straight  tubes,  of  about  "02  mm.  in 
length.  In  width  at  their  orifices  they  may  measure  as  much 
as  I  mm.  At  their  junctions  with  the  gland  substance 
proper  their  diameters  are  less,  as  they  are  somewhat  trun- 
cated. They  are  lined  with  a  simple  layer  of  small 
cubical  epithelial  cells. 

Tlic  Periosteal  A  ttaclniicnt 

is  due  to  the  presence  of  strong  bands  of  connective  tissue 
which  pass  into  the  peripheric  laminee  of  the  bone. 


CHAPTER  XI 


THE  ORAL  CAVITY  AND  ITS  ACCESSORIES 

Microscopical  Elements  of  the  :  (i)  Lips  and  cheeks  ;  (ii)  Tongue  ;  (iii) 
Salivary  glands  ;  (iv)  Hard  and  soft  palate  ;  (v)  Tonsils. 

THE    LIPS    AND  CHEEKS 

These  consist  for  the  most  part  of  muscular  tissue,  which  is 
freely  supplied  with  blood  vessels  and  nerves.  Loose  areolar 
tissue,  fat  lobules,  and  great  quantities  of  tiny  glands  make 
up  the  rest  of  their  substance.  Externally  they  are  protected 
by  skin,  internally  by  mucous  membrane.  This  is  studded 
everywhere  with  myriads  of  vascular  papillae  of  microscopic 
size.    In  many  papillse  nerve-end-bulbs  are  found. 

"  Labial"  glands  (small  racemose  bodies)  have  the  free  ter- 
minations of  their  excretory  ducts  directed  to  the  inner  surface 
of  the  lips,  "buccal"  and  "molar"  glands  to  that  of  the  cheek, 
while  small  sebaceous  glands  occur  in  the  outer  part  of  the  red 
border  of  the  lips. 

The  mucous  membrane  of  the  mouth  generally  is  lined  with 
epithelium  of  the  squamous  stratified  variety,  many  '*  spiny  " 
cells  lying  in  the  deeper  layers. 

THE  TONGUE 

The  tongue  is  a  large  soft  organ,  flattened  from  above 
downwards,  situated  in  the  floor  of  the  mouth. 

It  consists  mainly  of  muscles,  extrinsic  and  intrinsic,  the 
latter  being  those  placed  entirely  in  its  substance.  The 
fibres— striped  and  voluntary— exhibiting  the  usual  features  of 
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muscular  tissue  generally,  run  in  various  directions,  so  that 
in  any  and  every  section  some  are  cut  longitudinally,  others 
transversely,  thus  forming  particularly  attractive  preparations 
for  the  microscope. 

Greater  interest  than  that  of  the  histology  of  the  muscles, 


Fig.  163.— Coronal  section  of  the  tongue  of  a  dog.    Prepared  by  hardening 
in  alcohol.   Stained  with  hperaatoxylene  and  eosine.     Magnified  12 
times,    s.  Superior  surface  or  dorsum  of  tongue  ;  C.  The  epithelium  of 
the   conical  papilla;;    B.   Blood-vessels    injected  with  carmine;  i. 
Inferior  surface  of  tongue. 

however,  attaches  to  the  mucous  membrane  and  its  abundant 
supply  of  eminences  or  papillae  of  varying  size  and  shape. 

The  anterior  two-thirds  of  the  dorsum  presents  on  its  sur- 
face, tip,  and  sides,  where  the  mucous  membrane  is  thin  and 
closely  adherent  to  the  muscular  layer  beneath,  enormous 
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numbers  of  papilla  known  as  "conical,'  " fungiform,"  and 
crcumvallate,"  All  are  macroscopically  visible,  but  micro- 
scopically  of  considerable  interest. 

HISTOLOGY 

Each  papilla  is  covered,  like  the  rest  of  the  oral  mucous 
membrane,  with  multitudes  of  secondary  papillae  closely 
embraced  by  the  epithelium.  It  contains  a  capillary  loop,  and 
plexus  of  nerves. 


Fig.  164.— Vertical  section  of  tongue  of  man.  Prepared  in  the  usual  way. 
Stained  wit  hrematoxylene.  Magnified  70  times,  f.  Conical  papilla  ; 
S.  Secondary  papilla  ;  h.  Epithelium  of  laminated  structure  between 
the  papillffi,  and  extended  into  ciliifonn  processes  over  it.  l. 
Lymphoid 'tissue ;    V.  Muscle  fibres  cut  vertically;  1.  Muscle  fibres 

cut  transversely. 

As  already  stated,  the  papillse  are  of  three  kinds  : — 
(i)  The  conical papillce  2Cqom\\6.  all  over  the  dorsum,  but  are 
absent  from  the  base  of  the  tongue.  In  shape  they  are  tiny 
elevations  with  tapering-  or  cone-shaped  extremities.  They 
are  the  smallest  of  the  three  varieties,  measuring,  in  man,  to 
the  base  of  the  mucous  membrane,  o'g  mm.  to  ro  mm.  in  length. 
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Their  secondary  papillee  are  peculiar  and  unique  in  con- 
taining great  quantities  of  elastic  fibres,  and  being  clothed  by- 
special  epithelium  ofcornified  nature,  which  "  forms  a  separate 
horny  process  over  each  secondary  papillae,  greater  in  length 
than  the  papillae  which  it  covers."  (Schafer) 

When  a  bundle  of  these  thread-like  projections  exists  over 
the  conical  papillae  (which  are  often  quite  devoid  of  them),  the 
term  "  filiform  "  is  employed  to  designate  the  character  of  the 
papillae.  They  are  easily  found  on  the  surface  of  the  tongues 
of  cats  and  other  carnivorous  animals. 


Fig.    165.— Fungiform   papilla;  with  gustatory  cells  of  tongue  of  rabbit. 
Stained  witli  carmine.    Magnified  30  times. 

(2)  The  fungus-shaped  elevations  which  beset  the  middle 
and  fore  part  of  the  tongue  are  called  f  ungiform  papilla;.  In 
the  recent  state  they  are  of  a  bright  red  colour.  Possessing 
.blunt  rounded  extremities,  they  are  attached  by  narrow 
foundations. 

(3)  Most  interesting  of  all,  are  the  circumvallate  papillcp,  so 
called  from  their  environment.  Each  is  placed  in  a  poculiform 
depression  of  mucous  membrane,  and  has  a  cone-shaped 
appearance,  surrounded  as  it  is  by  a  trench  or  fossa,  on  the 
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outer  free  margin  of  which  is  a  slight  elevation  of  mucous 
membrane.  This,  completely  circling  the  papilla,  is  the 
vallmn,  which  is  comparable  to  a  rampart.    Hence  the  name. 

These  papillee  are  very  few  in  number,  sometimes  not  more 
than  a  dozen  existing  on  one  tongue.    They  are  located  on 


\ 


Fig.  i66. — Circumvallate  papilla  of  the  tongue  of  man.    Prepared  in  tlie 
usual  way.     Stained  with  liKmatoxylene,  and  counter-stained  with 
eosine.    Magnilied  30  times.    P.  Circumvallate  papillae  (its  epitheliiini) ; 
1'".  Fossa;  v.  Vallum  ;   u.   Duct  ol  gland  opening  into  base  of  fossa ; 
C.    Corium  of  papilla. 


the  posterior  third  of  the  organ,  arranged  in  two  rows,  which 
meet  together  at  a  point,  like  the  arms  of  the  letter  V.  In  width 
they  may  measure  as  tiiuch  as  2*5  mm.;  width  inclusive  of 
the  vallum  on  either  side  4-5  mm.     In  addition  to  the  vas- 
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cular  and  nervous  supply  of  the  corium,  the  stratified  epithe- 
Hum  which  is  extremely  thick,  contains  in  it  several  "  taste 
buds  or  goblets,"  both  on  the  sides  of  the  papilla  itself  and  in 
the  mucous  membrane  of  t\ie  fossa.  At  the  base  of  the  fossa, 
which  may  measure  1-25  mm- in  depth,  the  openings  of  the 
ducts  of  one  or  more  glands  can  be  seen. 

"  Taste-buds  "  are  oval  in  outline,  and  consist  of  a  collection 
of  narrow  and  fusiform  gustatory  cells,  all  enclosed  by  a  single 


Fig.  167. — The  gustatory  cells  in  a  fungiform  papilla  of  the  section  photo- 
graphed in  Fig.  165.  Magnified  300  times.  G.  Goblet  or  gustatory  cells. 


layer  of  broader  fusiform  cells,  the  eiLcasiiig  cells.  A  slight 
depression  in  the  lingual  epithelium  over  the  goblet  has  at  its 
base,  a  group  of  fine  trichinous  processes,  which  are  the  ter- 
mination of  these  gustatory  cells. 

The  base  of  the  tongue  contains  many  mucous  glands.  They 
are  large  and  broad,  their  dimensions,  in  man,  being  i'4  mm. 
in  width,  and  even  3'o  mm.  in  length.  They  possess  the  usual 
histological  features  of  mucous  glands  generally.    (Fig.  168). 
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TIIK  SALIVARY  GLANDS 

The  parotid,  sublingual,  and  submaxillary  glands  secrete 
saliva. 

In  man,  the  former  is  composed  of  alveoli  of  serous  cells; 
the  sublingual  of  mucous  alveoli>  and  the  latter  of  both, 
though  the  serous  alveoli  preponderate.  According  to  its 
secretion,  so  do  the  histological  elements  of  each  gland  differ. 

HISTOLOGY 

They  are  compound  racemose  glands  (Fig.  171),  consisting 
of  an  aggregation  of  lobules,  each  of  vi^hich  has  a  duct  which, 
after  branching,  terminates,  on  the  one  hand  in  fine  small 
branches  into  which  the  alveoli  of  the  glands  open,  and  on 
the  other,  in  larger  ducts  which  ultimately  end  by  a  free 
orifice  on  the  surface  of  the  mouth.  Many  blood-vessels 
ramify  in  a  small  amount  of  loose  connective  tissue,  which 
forms  the  investment  for  the  lobules,  and  for  the  gland 
itself  In  the  last  situation,  the  capsule  contains  ordinary 
flattened  cells,  a  few  granular  plasma-cells,  lymph 
corpuscles,  and  occasionally  a  little  adipose  tissue. 

Ducts 

Histologists  arbitrarily  divide  the  ducts  into  an  inira- 
lobiilar  part  d^rv  intercalary  part.  The  intralobular  portions, 
larger  than  the  rest,  and  near  the  free  opening  of  the  duct,  are 
lined  with  epithelium  of  which  the  cells  have  the  following 
characteristics  :— They  are  large,  columnar  or  conical  in 
shape,  with  their  truncated  extremity  directed  towards  the 
lumen  :  they  have  a  centrally-placed  spherical  nucleus :  they 
are  granular  at  their  inner  and  finely  striated  at  their  outer 
extremities.    (See  diagram,  Fig.  172). 

The  fibrillated  markings  are  well  seen  in  the  submaxillary 
gland. 

The  large  ducts  are  covered  with  a  coaling  of  fibrous  and 
elastic  tissue,  intermingled  with  a  few  small  muscular  fibres. 


THE  SALIVARY  GLANDS 


209 


The  intercalary  portions,  shorter  and  narrower  than  the  pre- 
ceding, extend  to  the  alveoli,  and  are  lined  with  clear 
flattened  cells,  possessing  elongated  nuclei,  at  their  most 
distal  part.    As  they  approach  the  intralobular  ducts,  their 


Fig.  168. — Vertical  section  through  base  of  the  tongue  of  man.  Prepared 
by  hardening  in  3  per  cent,  nitric  acid,  and  subsequently  staining  with 
methylene-blue.  Magnilied  25  times,  g.  Mucous  gland  ;  d.  Duct  of 
gland  opening  on  to  the  surface  ;  v.  Conical  papilla  ;  M.  Muscle  fibres. 

lumina  are  lined  with  cubical  cells  with  small  nuclei.  (See 
Figs.  173  and  174). 

A  Iveoli 

Alveoli  constitute  the  secreting  part  of  the  glands,  and  are  of 
two  kinds  :  (A),  mucous,  (B),  serous. 
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A 

MticotLs  Alveoli 

Bounded  by  a  delicate  reticulated  basement  membrane, 
each  alveolus  is  lined  by  a  single  layer  of  true  secreting 
cells.    These  vary  according-  to  their  activity  or  passivity. 

In  the  latter  condition  they  are  large  clear  granular  and 
spheroidal  in  shape,  and  nearly  fill  the  whole  of  the  alveoli. 
They  take  stains  very  indifferently.  Each  nucleus,  somewhat 


Fig.  169. — Transverse  section  of  salivaiy  gland  of  cat,  stained  with  picric 
acid,   blood  vessels  injected  with  carmine.     To  shew  its  abundant 
vascular  suppl}'.    Magnified  30  times. 

flattened,  is  placed  near  the  basement  membrane.  The 
transparent  appearance  is  due  to  the  presence  of  mucin  or 
mucigen. 

In  addition,  there  are  also  found  certain  marginal  cells,  the 
crescents  of  Gianuszi  [the  demilunes  oi  Hcidcnhain  of  some 
authors).  They  have  semilunar  outlines,  are  small,  very 
granular,  and  stain  deeply  with  the  usual  dyes. 

In  an  active  state,  as  the  result  of  stimulation,  the  cells  stain 
readily,  become  rather  smaller  and  more  granular,  and  the 
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nuclei,  now  no  longer  compressed,  occupy  the  central  parts  oi 
the  cells.    (See  Figs.  175  and  176) 

B 

Serous  Alveoli 

At  rest,  these  cells,  when  properly  prepared  and  stained, 
are   granular,  with    their  nuclei  in  their  centres  completely 


Fig.  170, — Submaxillary   salivary  gland  of  man.    Prepared  in  the  usual 
way.    Stained  with  Ehrlich's  acid  haimatoxylene.    Magnified  20  times. 
Shews  several  lobules,    s.s.  Serous  aveoli ;   m.m.  Mucous  alveoli;  B. 
Blood-vessel ;  c.  Connective  tissue  between  the  lobules. 


obscured  by  the  albuminous  material  in  their  protoplasm. 
The  lumen  similarly  to  that  of  a  mucous  alveolus  is  fre- 
quently totally  occluded. 
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During  a  period  of  prolonged  activity,  the  cells  appear  to 
be  shrunken,  a  few  granules  have  collected  in  their  inner 
aspects,  the  nuclei  are  clearly  revealed  and  easily  recognised, 
and  the  lumen  is  large  and  patent.  These  changes  are  depicted 
in  the  accompanying  diagrams  (Figs.  177  and  178]. 


Fig.  17,7.  Fig.  178. 

Fig.  171,  — Diagram  of  a  racemose  gland. 

Fig.  172. — Intralobular  duct. 

Fig.  173.— Mucous-intercalary  duct. 

Fig.  174. — Serous  intercalary  duct. 

Fig  175. — Mucous  gland  during  a  period  of  passivity. 

Fig,  176. — Mucous  gland  during  a  period  of  activity. 

Fig.  177. — Serous  gland  during  a  period  of  passivity. 

Fig.  178. — Serous  gland  during  a  period  of  activity. 

HARD  AND  SOFT  PALATE 

The  histology  of  the  osseous  framework,  and  fibrous  cover- 
ing Of  the  roof  of  the  mouth  requires  but  a  brief  survey, 
reference  to  its  bony  structure  having  been  already  made  in 
Chapter  VI. 
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The  surface  is  covered  with  a  thin  layer  of  periosteum,  and 
stratified  mucous  membrane.  Of  the  former  nothing  need 
further  be  said,  its  character  being  similar  to  that  of  the  pe- 
riosteum of  bones  generally  ;  the  latter,  however,  thrown  into 
folds  [palatal riigcB)  exhibits  the  same  characteristics  as  in  other 
parts  of  the  mouth,  except  that  in  these  ridges,  as  well  as  in 
the  papilla  palatina  or  incisive  pad,  the  cells  are  larger, 
coarser,  and  more  multiplied  than  elsewhere. 

The  vascular  and  nervous  supplies  are  scanty,  as  is  also  the 
number  of  mucous  glands. 

The  soft  palate  consists  of  muscular  fibres,  and  a  great 
number  of  glands  all  clothed  with  mucous  membrane,  which 
is  covered  on  the  anterior  surface  with  squamous  epithelium, 
and  on  the  posterior  surface  with  ciliated  columnar  cells.  It 
measures  approximately  10  mm.  in  thickness. 

The  uvula  consists  chiefly  of  compound  racemose  glands, 
and  they  abound  in  great  numbers  on  the  anterior  surface 
of  the  soft  palate  where  they  form  an  almost  complete 
layer  under  the  squamous  stratified  epithelium. 

THE  TONSILS 

The  tonsils  are  soft,  very  vascular  bodies  placed  between 
the  anterior  and  posterior  palatine  arches  or  pillars  of  the 
fauces. 

HISTOLOGY 

They  are  composed  of  loose  connective  tissue  of  a  soft 
character,  the  substance  of  which  is  permeated  or  infiltrated 
with  lymphoid  cells.  Dense  masses  of  these  cells  are  col- 
lected here  and  there,  and  form  the  lymphoid  follicles  of  the 
tonsil.  The  latter  are  large  oval  or  round  bodies  having  a 
breadth,  in  man,  of  1-5  mm.,  and  a  length  of  3-25  mm. 

The  framework  of  the  follicles  is  a  delicate  stroma  of  fine 
retiform  connective  tissue,  similar  to  the  white  fibres  of 
areolar  tissue.    Hence  it  contains  no  nucleated  cells  as  such, 
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but  trabeculac  of  fibrous  tissue  surrounded  by  an  open  net- 
work of  fibres  more  or  less  densely  aggregated. 

The  cells  contained  in  these  are  lymphoid  cells,  which  re- 
semble white  blood  corpviscles.    They  differ,  however,  in  the 
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Figr.  i79._Vertical   section  of  tonsil   of  man.     Prepared  by  fixing  and 
"hardening     Stained  with  hxmatoxylene  ;  counter-stained  with  eosine. 
Magnified  Oo  times.    L  F,  Lymphoid  follicle ;  C.  Crypt  of  tonsil ;  I..C. 
Lymph  ceils  passing  through  the  epithelium  of  crypt ;  G.  Mucous  gland  ; 
D.  Duct  of  same,  opening  into  the  base  of  crypt, 

facts  that  ihey  have  less  protoplasm,  and  a  relatively  larger 
nucleus. 

Stratified  epithelium  extends  over  the  tonsil.  Opening  on 
the  free  surface  of  the  organ  are  numerous  crypts  or  clefts  into 
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which  the  stratified  epithelium  dips,  being  continuous  all  over 
except  at  the  tiny  orifices  of  a  few  mucous  glands,  the  ducts  of 
whose  alveoli  open  on  to  the  surface  of  the  crypts. 

Lymphoid  cells  pass  through  this  epithelial  layer  or  cells 
rom  the  follicles  ;  become  free  and  detached  on  the  surface  ; 
and  mixing  with  the  saliva,  appear  as  the  so-called  salivary 
corpuscles. 
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THE   HISTOGENESIS    OF   THE   TEETH    OF  MAMMALS 
FISHES,  AND  REPTILES 


CHAPTER  XII 


THE   DEVELOPMENT   OF   THE    TEETH  IN  MAMMALIA 

Microscopical  Elements  in  :— (i)  The  Enamel  Organ  ;  (ii)  Dentine 
Germ  ;  (iii)  Dental  Follicle,  (iv)  During  later  periods  of  the  formation 
and  growth  of  the  enamel,  dentine,  and  cementum  ;  and  (v)  Appear- 
ances in  human  embryos  at  half  term. 

For  purposes  of  description  it  will  be  convenient  to  divide 
the  series  of  phenomena  which  take  place  during  the  histo- 
genesis of  the  deciduous  teeth  and  surrounding  structures, 
into  : — 

(a)  The  changes  occurring  in  the  jaws  before  and  up  to 

the  period  of  formation  of  the  dentine  germ. 

(b)  The  metamorphoses  occurring  in  and  around  the  tooth 

germ  at  the  period  of  formation  of  the  dentine 
germ. 

(c)  Subsequent  stages  of  development. 

A 

Earliest  Phases  of  Evolution 

At  a  very  early  period  of  intra-uterine  life  in  man,  viz., 
about  the  40th  to  45th  day,  the  embryo  measuring  about  1 2cm. 
in  length,  the  first  signs  of  change  are  noticeable. 

(i)  Changes  in  the  Epihlast 
Coronal  sections  through  the  anterior  part  of  the  embryonic 
head  before  this  age  show  that  there  is  a  slight  appreciable 
thickening  of  the  stomodseal  epiblast  over  the  regions  of  the 
embryonic  alveolar  processes,  that  is,  the  promontories  of 
tissue  known  as  the  maxillary  processes  of  the  embryonic  face. 
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which,  having  met  the  lateral  plates  of  the  fronto-nasal 
process,  have  continued  their  growth  downwards  and  inwards, 
and  joined  the  mid-frontal  process  to  complete  the  alveolar 
arch  and  maxillary  bone.  In  the  mandibular  arch  the 
changes  begin  above  the  cartilage  of  Meckel,  and  at  spots  a 
little  external  to  the  primitive  elevation  of  the  tongue. 

The  contour  of  the  rete  Malpighii  is  undisturbed  in  its  clear 
outline  and  flattened  appearance. 


M  F  P 


Fig,  l8o. — Coronal  section  through  head  of  a  human  embryo,  exact  age  un- 
known.    Prepared  as   other  soft   tissues.     Stained  en  masse  with 
borax-carmine,  and  cut  in  paraffin  wax.  Magnified  20  times.  To  shew  the 
development  of  the  maxilla;,  m.p.  Maxillary  process ;  m.f.p.  Mid-frontal 
process;    L.P.  Lateral  plates  of  fronto-nasal  process. 

The  epithelial  surface  of  the  mouth  is  extremely  thin  and 
undeveloped,  consisting  of  a  few  flat  cells,  while  the  rete 
Malpighii  is  almost  indistinguishable  from  the  rest  of  the 
epiblast.  A  great  depth  in  the  mucosa  is  noticed,  and  the 
bones  which  will  ultimately  form  the  crypts  of  the  teeth  are 
beginning  to  appear  and  stain  deeply. 

In  the  kitten,  the  start  in  the  development  of  the  bony 
alveoli  is  delayed  at  this  time,  and  even  later;   but  in  man 
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the  osseous  framework  begins  to  assume  a  somewhat  different 
shape,  and  is  a  prominent  feature  in  specimens  of  an  earlier 

date  than  the  40th  day.  _  . 

At  this  age,  however,  a  marked  metamorphosis  in  the 

epiblast  can  be  observed. 

(ii)  Formation  of  the  Dental  Furroiv 
Its  free  surface  appears  to   be  slightly  indented  ("  The 
primitive  dental  fti,rrozv")/in  most  cases,  and  follows  fairly 
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Fig,  181. — Coronal  section  through  head  of  embryo  of  cat.  Prepared 
and  stained  as  last  figure.    Magnified  20  times.    Represents  the  stage 
of  development  in  man  at  about  the  soth  day  of  intra-uterine  life.  t.g. 
Tooth  germ;  z.  Tooth  band;  l.f.  Lip-furrow;  x.  Tongue,  M.  Meckel's 
cartilage;  Ji.  Commencement  of  formation  of  bone  of  alveolus, 

closely  the  lines  of  contour  of  the  rete  Malpighii-  Over  the 
palate  in  places,  it  is  one  cell  thick,  but  over  the  floor  of  the 
buccal  cavity,  as  well  as  its  sides,  and  the  sides  of  the  roof, 
four,  five,  eight,  or  even  nine  rows  of  cubical  or  polygonal  cells 
can  be  counted.  The  large  size  of  their  oval  nuclei  arrests 
attention.  The  cubical  cells  are  set  on  what  looks  like  a 
delicate  line  or  basement  membrane.    A   few   small  flat 
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squamous  cells  are  often  found  here  and  there,  coherent  to  the 
surface  epithelium. 

As  the  epithelium  approaches  the  place  where  the  primary 
inflection  is  about  to  occur,  it  becomes  thickened.'  The 
nuclei  become  considerably  elongated,  and  almost  fill  the 
cells  which  themselves  have  undergone  some  amount  of 
lengthening. 

The  epithelial  surface  is  clearly  distinguishable  from  the 
underlying  tissues,  for  two  reasons  :— It  takes  the  stain  more 
intensely,  and  its  cellular  constituents  are  crowded  together. 
In  other  words,  its  appearance  is  identical  with  that  which 
is  about  to  form  the  Schneiderian  membrane  of  the  nose,  the 
surface  epithelium  of  the  skin  of  the  face,  and  the  under  surface 
of  the  tongue. 

The  epiblast  would  appear  to  be  formed  some  considerable 
time  after  the  mesoblast,  that  is,  it  is  an  involution  of  the 
superficial  layer  of  the  blasto-derm  reflected  backwards  into 
the  mesoblast.  Its  genesis  is  probably  synchronous  with  that 
of  the  nasal  fossae,  external  skin,  and  mucous  membrane  of 
the  cheeks. 

(iii)  The  Primary  Epithelial  Inflection 

In  coronal  sections  of  the  maxillae  the  flrst  epitJielial 
involution  into  the  subjacent  mesoblast  begins  at  a  spot  a  little 
external  to  the  lateral  margins  of  the  tongue,  in  the  mandible 
some  distance  internal  to  those  margins.  The  invagination 
extends  right  round  the  jaws,  and  thus  forms  a  continuous 
semi-circular  band  of  cells  enclosed  by  mesoblastic  tissue. 
In  vertical  sections  it  looks  like  a  narrow  finger- like  penetra- 
tion of  cells  into  the  mesoblast :  in  side  section  it  is  seen  to 
be  a  continuous  flat  band  extending  from  the  surface  into  the 
jaw. 

(i)  Origin  of  the  Lip-fnrroiv  and  Tooth-band 
At  the  40-45th  day  a  splitting  of  this  primary  inflection 
occurs,  not  across,  but  in  a  longitudinal  direction  with  it ;  thus 

'  This  epithelial  thickenin-;  is  greatest  along  the  line  of  the  future  jaw  on  the 
surface  of  which  it  extends  longitudinally,  and  is  produced  by  sub-division  and 
repeated  multiplication  of  the  deepest  cells. 
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it  becomes  divided  into  two  parts,  an  outer  and  an  inner. 
The  former  is  towards  what  will  be  the  lip  side,  the  latter 
towards  the  tongue.  The  former,  known  as  the  labio-dental 
strand,  or  lippenfurche,  or  lip-furrow,  passes  in  a  perpendicular 
direction,  and  ultimately  produces  the  groove  which  is  after- 
wards the  furrow  between  the  lips  and  the  alveolar  processes 
of  the  jaws  :  while  the  latter,  known  as  the  coinmon  dental 
germ,  the  zahnleiste,  or  tooth  hand,  is  penetrating  the  mesoblast 
in  an  horizontal  direction,  and  becomes  the  layer  of  cells,  in 
connection  with  which  both  the  deciduous  and  permanent 
teeth  are  developed. 
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Fig.  182.— Diagram  to  shew  method  of  cleavage  of  the  primary  epithelial 
inflection.    E.i.  Ingrowth  of  epithelium;   L.F.   Lip-furrow  on  outer 
or  buccal  side ;  z.  Tooth  band  on  lingual  side ;    F.   Free  growing 
end  whence  the  permanent  tooth  germs  will  arise. 

The  opposing  theories  regarding  the  relations  to  each  other 
of  lip  furrow  and  tooth  band  may  be,  here,  briefly  noted. 

Thus : — 

(i)  Rose^  affirms  that  both  have  a  common  origin,  as  just 

described. 

(ii)  Baume"  believes  that  the  tooth  band  arises  from  the 

side  of,  or  is  merely  a  process  of  the  lip  furrow,  an 
opinion  shared  also  by 

(iii)  Xavier  Sudduth,"  who  says: — "  The  lamina  is  only 
an  offshoot  from  the  side  of  the  band,  which 
becomes  somewhat  shallower,  and  in  some  instances 
disappears." 

'  "  Archiv.  f.  mikros.  Anatomic."    Bd  xxxviii.,1891,  and  "  Anat.  Anzeig,"  i8f)6. 

-  "  Versuch  einer  Entwicklungsgeschichte  des  gebisses,"  in  Odontologische 
Forscliungen,  1882. 

••'  "American  System  of  Dentistry,"  p.  620,  1887. 
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(iv)  Leche-  holds  that  both  care  developed  separately,  but 
simultaneously. 
At  this  time  the  tooth  band  possesses  an  attached  edge  or 
border,  which  is  continuous  with  the  surface  epithelial  cells, 
and  a  free  edge  or  border,  which  penetrates  more  deeply 
mwards.  It  is  from  this  free  edge  that  the  ten  temporary 
tooth  germs  will  be  developed. 

Still  examining  the  coronal  sections  through  the  embryonic 
head,  it  is  seen  that  each  tooth  germ  is  accurately  directed 
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Fig.  183.— Diagram  of  a  sagittal  section  through  the  germ  of  the  first 
mandibular  milk  molar  of  a  human  embryo  30  mm.  long.    After  Rose. 
o.E.  Oral  epithelium;  l.f.   Lip-furrow;  z.   Tooth  band ;  p.  Site  of 
future  dentine  germ. 
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Fig.  184. — Diagram    of  a   similar  section  to  the  preceding  figure,  but 
through  the  germ  of  the  canine  tooth  of  an  embryo  40  mm.  long. 
After  Rose.    The  lettering  as  in  Fig.  183, 

towards  the  central  portions  of  the  developing  alveolar  bone  : 
thus  the  direction  of  growth  in  the  maxilla  is  upwards  and 
slightly  inwards,  that  in  the  mandible  is  downwards  and 
slightly  inwards.  (See  Figs.  181  and  185). 

The  cells  liningthe  tooth  band  possess  the  same  histological 
characteristics  as  those  at  its  immediate  junction  with  the 
free  stomodseal  epithelium  ;  viz.,  long,  cylindrical  cells  with 

1  "Morph.  Jabrbuch  "  1892,  and  "Bibliolheca  Zoologica,"  1895. 
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Fig.  185. — Coronal  section  of  the  mandible  of  an  embryonic  pig.  Stained 
with  breniatoxylene.  Magnified  45  times.  Represents  the  stage  of 
development  in  man  at  about  the  50th  day.  /..  Tooth-band  ;  l.f. 
Lip-furrow;  o.E.  Epithelium  of  mouth;   ir.  Meckel's  cartilage;  B. 

Bone  of  alveolus. 


Fig.  18b.— Further  stage  of  growth.    Magnified   45    times.    The  tooth 
germ  m  the  centre  of  the  field  represents  the  stage  of  development  in 
man  at  about  the  60th  day.    e.o.   First  evolution  of  enamel  organ. 
Lettering  as  in  preceding  photomicrograph. 
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large  oval  granular  nuclei  situated  rather  more  towards  the 
distal  than  the  basal  end. 

They  are  placed  side  by  side  in  a  single  layer,  the 
substance  of  the  tooth  band  being  composed  of  round  or 
polygonal  less  distinct  cells  having  circular,  less  granular 
nuclei. 

(v)  Changes  in  the  Mcsohlasf 

Coincidentally  with  these  alterations  of  the  epithelial  sur- 
face, many,  not  all,  of  the  cells  of  the  mesoblast  (hitherto  dis- 
crete) in  the  immediate  proximity  of  the  growing  extremity 
of  each  germ  undergo  three  distinct  and  remarkable  changes. 
First  they  lose  their  identity  as  spherical  mesoblastic  cells 
with  rounded  nuclei ;  they  undergo  a  fresh  arrangement  ot 
position  ;  they  become  multiplied  in  numbers.  No  longer  do 
all  the  mesoblastic  cells  share  like  features  regarding  shape, 
the  new  change  being  that  many  become  elongated,  and 
therefore  spindle-shaped  and  have  fusiform  nuclei.  Those 
nearest  the  rete  Malpighii  of  the  tooth  germ  retain  for 
some  time  longer  their  rounded  outlines.  Their  new  position 
is  one  in  which  their  long  axes  take  up  the  same  direction  as 
that  of  the  up-growing  tooth  germ.  Their  numbers  are  trebled 
or  quadrupled.  It  must  not  be  forgotten,  however,  that  these 
phenomena  are  only  to  be  observed  at  the  developing  end  of 
the  epithelial  germs. 

(vij  Evolution  of  the  Enamel  Organ 

The  next  step  in  development  is  concerned  with  the  deepen- 
ing of  the  tooth  band  and  its  lateral  expansion  near,  but  not 
aty  its  free  end,  into  a  bell-like  structure.  This  takes  place  at 
its  deepest  portion,  and  on  its  labial  side.  At  the  superficial 
part  a  slight  constriction  begins  to  take  place,  and  at  about 
the  6oth  or  70th  day  in  man,  the  first  rudiments  of  the 
enamel  organs  of  the  deciduous  teeth  in  the  incisor  region 
can  be  clearly  discerned. 

At  certain  spots,  ten  in  number  in  either  jaw,  and  separated 
at  equal  intervals  along  the  continuous  zahnleiste  these  cam- 
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panular  bodies  are  found.  The  intervening  portion  of  the 
tooth  band  in  its  anterior  part  presently  atrophies  and  finally 
disappears  after  the  lamina  has  become  cribriform,  while  it 
still  remains  continuous  in  the  posterior  or  molar  region.  The 
primitive  enamel  organs  become  now  specially  organised  and 
constituted. 

Thus  originate  the  earliest  aspects  of  the  enamel  organ.  In 
shape  such  an  organ  is  primarily  like  a  Florence  flask  or  labor- 
atory beaker,  having  a  broad  flattened  concave  base,  and  long 
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Fig.  187. — Further  stage  of  development.     Magnified  45  time?.  Repre- 
sents the  stage  of  development  in  man  at  about  the  70th  day.  D.i'. 
Rudiments  of  dentine  papilla.    Lettering  as  before. 

narrow  neck  opening  on  to  the  free  surface  of  the  epithelium 
of  the  mouth.  At  first  the  outline  of  the  enamel  organ  is 
smooth,  but  later  on,  the  external  part  will  become  rather 
sinuous,  due  to  several  "tufts"  or  "papillary  projections" 
from  the  subjacent  tissue  indenting  the  external  epithelial 
layer  of  cells.  Sometimes  the  tooth  bands  and  the  necks  of 
the  enamel  organs  also  exhibit  these  as  collections 
of  polyhedral  cells  similar  to  those  just  mentioned.  (See 
Fig.  212).    Capillaries  from  the  dental   follicle  are  freely 
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distributed  to  these  "  tufts."  (See  also  Leon  Williams's  views). 

In  structure,  the  external  cells  still  assume  a  cylin- 
drical character;  the  deepest  are  more  pronounced  than 
those  elsewhere,  and  they  are  still  continuous  with  the  oral 
rete  Malpighii.  The  interior  is  filled  with  round  cells,  which 
however  speedily  develop  long  branched  extremities,  and 
exhibit,  in  a  rudimentary  fashion,  the  cells  of  the  stellate 
reticulum.  It  is  not  yet  determined  how  these  internal 
cells  become  branched,  or  exactly  in  what  way  the  stellate 
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Fig.  188. — Campanular  form  of  tooth  germ,  from  the  jaw  of  an  embryonic 
kitten.    Stained  witlihcematoxylene.    Magnified  45  times.  Represents 
the  stage  of  development  in  man  at  70th  day.    Lettering  as  before. 

reticulum  is  formed.  Some  observers,  including  Tomes,  have 
thought  that  they  represent  cells  undergoing  retrogressive 
changes — conditions  which  point  to  their  ultimate  disint  egra- 
tion  and  atrophy  ;^  but  Leon  Williams  holds  that  they  merely 
represent  a  sort  of  intercellular  stroma.  It  is  nevertheless 
certain  that  lengthy  marked  branching  processes  unite  them 
together,  their  nuclei,  in  early  stages  of  growth,  being  in  no 
degree  diminished  in  size,  shape,  or  position. 

'  Cf.    The   degenerating   cells   in   the   cysts   of  epithelial  odontonies, 
described  in  Chapter  XXL 
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AH  the  central  cells  do  not  become  chang-ed  into  stellate 
bodies.  Certain  numbers,  close  to  the  deepest  layer  of  the 
external  epithelium,  still  retain  their  rotundity,  and  are 
ultimately  the  cells  of  the  stratniii  intermedium  which  will 
presently  assume  their  completed  shape,  viz.,  that  of  small 
polygonal  rather  branched  cells,  having  connections  externally 
with  the  stellate  reticulum,  and  internally  with  the  internal 
epithelium: 

Rapid  growth  now  occurs  at  the  margins  of  each  organ, 
and  the  whole  structure  resembles  a  bell  with  a  handle. 

The  nearest  mesoblast  cells,  about  this  time  (70th  day  in 
man)  begin  to  proliferate  and  to  be  more  closely  approxi- 
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Fig.  189. — Diagram  of  a  section  through  the  germ  of  the  first  milk  molar 
of  a  cow's  fcctiis,  47  mm.  long.  After  Riiie,  z.w.  Zahn-wall  char- 
acteiistic  of  Ruminants;  e.p.  Enamel  organ;  p.  Site  of  future  dentine 

germ. 

mated,  and  eight  primitive  dentine  germs  are  noticed  in  the 
concavities  of  the  enamel  organs. 

The  alveolar  crypts  of  the  anterior  parts  have  become  in- 
creased in  depth  and  importance,  and  begin  now  to  assume  a 
definite  poculiform  shape. 

B 

Tlie  Metamorphoses  occurring  in  and  around  tJie  Tooth  germ  at 
the  period  of  formation  of  the  Dentine  germ 

The  elongation  of  the  necks  of  the  enamel  organs,  the 
transparency  of  its  central  portions,  the  density  of  the  den- 
tine.papilla,  and  the  first  attempts  in  the  formation  of  a  sac 
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or  follicle  or  investing  connective  tissue  sheath,  are  now 
observed  (about  looth  day). 

While  the  Tieck  of  the  enamel  organ  extends  more  deeply 
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rig»  190. — Structure  of  enamel  organ.     From  jaw  of  a  newly-born  kitten. 
Stained  with  borax-carmine,    Magnified  300  times,    o.  Odontoblasts  ; 
TJ.  Dentine;  A.  Ameloblasts  ;  s.M.  Stratum  intermedium  ;  s.k.  Stellate 
reticulum;    K.i:.    External   epithelium;  J).i'.  Dentine  papilla;  d.f. 
Rudimentary  dental  follicle  ;  A.  Bone  of  alveolus. 

than  ever  into  the  jaw,  it  becomes  still  further  constricted, 
and  practically  occluded  by  the  apposition  of  opposite  rows  of 
cells, 
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Fig,  igr, — Section  of  incisor  of  a  rat.    Magnified    80   times.    A.  Cap- 
illary loops  torn  out  of  the  secreling  papillse ;       Secreting  papillre 
after  removal  of  capillary  loops  ;    c.  Ameloblasts  ;    e.  Enamel;  i). 
Dentine.  Photomicrograph  by  Leon  William."-. 


Fig.  192.— Secreting  papilla;  and  ameloblasts  from  enamel-organ  of  rat. 
Magnified  600  times,    a.  Papilla  shewing  secreting  cells ;   n.  Shew- 
ing roots  of  ameloblasts  passing  into  papilla;  c.  Ameloblasts  contain- 
ing oval  nuclei ;  1).  Plasmic  strings  and  granules  emerging  from  amelo- 
blasts.   Photomicrograph  by  Leon  Williams. 
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The  stellate  reticulum  is  now  near  its  fullest  height  of 
development. 

(vii)  Structure  of  the  Enamel  Organ 
The  periphery  of    the    enamel   organ,  starting  at  the 
neck  (at  one  side)  consists    of  several   rows  of  cubical 
or  cylindrical  epithelial  cells,  whose  oval  nuclei  almost  fill 
the  whole  cell.     At  this  spot  the  most  external  stellate 
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I'  i?-  T93. — Later  pliase  of  development.    Jaw  of  kitten.     Stained  with 
carmine.  Magnified  65  times.    Represents  the  stage  of  development  in 
man  at  the  85th  day.     /,.    Tooth  band  of  permanent  geim  ;  E.o. 
Enamel  organ  ;    n.  p.  Dentine  papilla  of  deciduous  tooth  ;    7).  Earliest 
trace  of  formation  of  dentine;  o.E.  Oral  epithelium. 

reticulum  cells  are  flattened  and  fusiform,  and  probably  re- 
present immature  stellate  cells,  but  their  transition  to  the  nor- 
mal shape  is  sudden  and  pronounced. 

At  the  deepest  part  of  the  enamel  organ  many  ovally- 
nucleated  cylindrical  cells  are  seen,  several  layers  thick. 
Passing  over  the  convexity  of  the  dentine  germ  they  be- 
come aggregated  more  closely  till  as  a  palisading  they  are 
most  elongated  directly  over  the  summit  of  the  convexity. 
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Above  these  cells  of  the  internal  epitheliuvi  are  now  six  or 
seven  rows  of  rounded  nucleated  cells.  It  is  possibly  their 
function  to  recruit  the  former. 

Thus  beginning  from  without  inwards,  the  enamel  organ 
consists  of  (i)  cxtmial  epithelium  ;  (ii)  stellate  retiailum  ;  (iii) 
stratum  intermedium  ;  and  (iv)  internal  epithelium.  The 
latter,  soon  to  be  called  ameloblasts  or  enamel  cells,  are 
placed  side  by  side  on  what  would  seem  to  be  a  fine  base- 
ment membrane.  There  is  no  commencement  of  deposition 
of  enamel. 

The  cells  of  the  stratum  intermedium,  according  to 
Leon  Williams,  form  a  layer  in  which  blood  vessels  are 
developed  at  a  very  early  stage.  This  is  well  brought  out  in 
the  enamel  organs  of  Rodents.  Here  the  layer  seems  to  be 
"  a  highly  differentiated  secreting  tissue."  The  ameloblasts 
are  surmounted  by  epithelial  papillae,  around  and  between 
which  is  a  free  distribution  of  capillary  loops.  The  enamel- 
forming  cells  are  seen  to  have  an  intimate  relationship  with 
the  papillcB,  each  apparently  having  a  root-like  process  which 
extends  into  and  is  lost  within  the  papilla  to  which  it  belongs. 
"  The  diameter  of  each  papilla  is  equal  to  about  that  of  five 
or  six  ameloblasts,  and  each  papilla  may  therefore  be  said 
to  supply  from  twenty  to  twenty  five  ameloblasts."  (Fig.  192). 

The  papillae  are  supposed  to  originate  in  spindle-shaped 
cells. 

(viii)  Changes  in  the  Dentine  Papilla 

Meanwhile  the  dentine  germ  is  becoming  highly 
specialized.  The  round  nuclei  of  the  cells  crowd  together, 
and  apparently  are  imbedded  at  the  enamel  surface  in  a  clear 
indefinable  matrix.  The  cells  are  protoplasmic,  minus 
branches  ;  but  most  deeply  of  all  they  become  fusiform  with 
long  branching  processes,  and  are  continuous  with  similar 
cells  situated  immediately  outside  the  neck  and  the  rotun- 
dity of  the  enamel  organ.  Furthest  from  the  centre  they  are 
very  narrow,  and  greatly  separated  from  one  another. 

The  alveolar  bone  is,  at  this  time,  extending  towards  the 
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Fig  J94--Fui  ther  singe  of  evolution.  Jaw  of  kitten.  Stained  with  hxma- 
toxylene.  Magnihed  60  times.  Represents  the  stage  of  development 
in  man  at  about.the  90th  day.      d.p.  Dentinejpapilla;     s.r.  Stellate 

reticulum. 


Fig,   195. — Same    as   piccediug,   further    developed.     Same   magnifica-  ■ 
tion.    ReprcsMits  the  stage  of  development  in  man  at  about  tlieji20t]i  g^j 
day.  K,  First  trace  of  enamel;  D.  Calcified  dentine  ;  n./..  Dciitogenetic 
zone;    D.i'.  Dentine  papilla ;  D.s.  Dental  sac;  A.  Amdoblasts. 
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surface,  and  is  encroaching  on  the  necks  of  the  enamel 
organ- 

Shortly  after  these  changes  have  taken  place,  the  neck  of 
the  enamel  organ  is  attenuated  to  the  thickness  of  two  layers 
of  cells  ;  and  a  tremendous  increase  in  the  mass  of  the  stellate 
cells  occurs.     The  internal  epithelium  assumes  the  shape 


Fig.  196. — Further  stage  of  development.  Jaw  of  kitten.  Sla  ned  with 
hajmatoxylene.  Magnified  50  times.  Represents  the  stage  of  develop- 
ment in  man  at  about  the  140th  day.  E.  Early  formation  of  enamel; 
A.  Ameloblasts ;  D.  Dentine ;  o.  Odontoblasts ;  /..  Tooth  band  of 
permanent  successor;  o.tc.  Oral  epithelium;  n.v.  Dentine  papilla; 
li.  Bone  of  jaw  ;    d.s.  Rudimentary  dental  sac. 

of  the  ameloblasts  ;  and  some  of  the  peripheral  papilla  cells 
that  of  the  odontoblasts. 

At  the  same  time,  about  the  140th  day  in  the  deciduous 
incisors,  the  first  deposition  of  formed  dentine  is  seen,  fol- 
lowed almost  immediately  by  ihe  darker  line  of  enamel. 
The  external  and  internal  epithelia  are  still  continuous. 
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Stihseqnent  Embryologicnl  Changes 
The  tooth  germ,  at  a  later  stage,  is  lodged  in  a  deep,  wide- 
mouthed  gutter  of  bone.  The  cap  of  calcified  enamel  is 
surrounded  by  the  layer  of  a■meloblasts-\ox^^  columnar 
protoplasmic  cells  having  prominent  nuclei  at  their  distal 
growing  ends.    They  measure  about  5/,  in  width,  and  vary  in 


Fig.  197. — To  shew  earl}' stage  of  formation  of  enamel  and  dentine.  Pre- 
pared by  the  chromic  acid  method,  stained  with  carmine,  and  imbedded 
in  paraffin-wax.  Magnified  320  times,  n.p.  Dentine  papilla;  o.  Odon- 
toblasts;  D.  Dentine;  E.  Enamel;  A.  Ameloblasts ;  t.p.  Tomes' 
processes  of  the  ameloblasts ;  s.m.  Stratum  ihtermedium  ;  s.R.  Nuclei 
of  cells  of  stellate  reticulum.     Pliolomicrograph  by  Douglas  Gabell. 

length  from  5/x  to  15  or  20/x.  At  the  base  of  the  dentine 
germ  they  are  cubical  in  shape,  and  here  attain  the  former 
smaller  dimensions. 

In  places  where  they  are  torn  away  from  the  periphery  of 
the  enamel  they  present  tapering  processes,  "Tomes'  pro- 
cesses." This  end  (viz.,  that  directed  towards  the  dentine;, 
according  to  Tomes  [op.  cif.  p.  160)  is  slightly  enlarged,  a  fact 
demonstrated  after  treating  an  embryonic  tooth  germ  with 
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glycerine  or  other  hygroscopic  reagent.  Each  ameloblast  is 
granular,  and  possesses  also  a  delicate  reticular  structure. 
(See  Fig.  219). 

Many  instances  occur  in  which  the  cells  appear  to  be 
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Fig.  198. — Section  of  developing  tooth  of  liumaa  foetus  near  the  seventh 
month  of  intia-uteiine  life.  Magnified  175  times.  A,  Outer  epithelial 
tunic  of  enamel-organ  in  which  secreting  papillrc  are  developed  ;  B.  and 
c.  Shewing  large,  round,  granular,  nucleated  cells  of  reticulum  of 
enamel-organ.  The  stellate  appearance  in  this  tissue  is  largely  pro- 
duced by  shrinkage  and  the  washing  away  of  the  cell  contents.  D. 
Stratum  intermedium  ;  E.  Outer  ameloblastic  membrane  ;  F.  Amelo- 
blasts  ;  G.  Inner  ameloblastic  membrane  ;  H.  Dentine  ;  i.  Odontoblasts, 
Photomicrograph  by  Leon  Williams. 


bounded  at  either  end  by  lines  of  basement  membrane.  To 
these  Leon  Williams  has  given  the  names  the  "  tn/icr  and 
the  outer  ainelohlas tic  membranes." 
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The  former  had  been  previously  described  by  Huxley 
Raschkow  and  others  as  the  memdmna prefonnattva. 

Both  membranes  are  structureless  basement  membranes 
and  are  adherent  to  both  extremities  of  the  ameloblasts. 

The  outer  lies  between  the  ameloblasts  and  the  cells  of  the 


Fig.  199. — Section  of  developing  tooth  of  embryo  calf.  Magnified  800  times. 
A.  Outer  ameloblastic  membrane ;  B.  Ameloblasts  shewing  net  work 
pattern  of  jjlasmic  cell-contents;  c.  Strings  of  plasmic  net-work  passing 
through  inner  ameloblastic  membrane  ;  D.  Dentine;  E.  Reticular  nuclei 
of  odontoblasts  ;  F.  Net-work  structure  of  odontoblasts.  Photo  micro- 
graph by  Leon  Williams. 

stratum  intermedium  ;  the  inner  between  the  ameloblasts 
and  the  formed  enamel, 

Leon  Williams  describes  these  membranes  very  carefully 
in  his  contribution  to  The  Deiifal  Cosmos  for  1896,  pp.  no 
et  scq. :— "  It  is  impossible  at  present  (1896)  to  speak  definitely 
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with  reference  to  its  (the  outer  membrane)  origin,  exact 
structure,  or  function.  Its  appearance  at  the  ends  of  the 
cells  and  not  between  them  would  seem  to  argue  against  the 
suggestion  that  it  is  due  to  a  condensation  of  the  peripheral 
zone  of  the  cells.    But  this  view  is  supported  by  the  fact 
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Fig.  200. — To  shew  airangement  of  parts  in  tlie  enamel  organ.  Stained 
with  hrcmatoxylene.  Magnified  300  times.  :j.  Dentine;  E.  Enamel; 
A.  Anieloblasts ;  1.  Inner  ameloblastic  membrane  :  o.  Outer  ameloblas- 
tic membrane  ;   s.M.  Stratum  intermedimn  ;    S.k.  Stellate  reticulum. 

that  it  is  not  seen  during  the  earlier  periods  of  the  tooth 
germ  ;  but  only  after  the  nearly  or  quite  complete  specializa- 
tion of  the  ameloblasts."  Under  high  powers  it  is  composed 
of  more  than  a  single  layer  ;  and  "  it  is  possible  that  it  plays 
an  important  part  in  the  elaboration  of  material  for  enamel 
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201.  — Section  of  developing  tooth  of  human  embryo.    Magnified  1,000 
times.    A.    Cells  of  stratum  intermedium  shewing  structure. of  nuclei. 
B.    Ameloblasts  ;    C.  Enamel-globules  shewing  radiating  processes ; 
D,  Dentine;  K.  Odontoblasts  shewing  structure  of  nuclei,  Photomicro- 
grapii  by  Leon  Williams. 
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building.  It  varies  considerably  in  thickness  in  different 
specimens,  but  persists  throughout  the  entire  period  of 
enamel  formation — a  fact  which  would  seem  to  give  a  decided 
negative  to  the  theory  that  the  ameloblasts  are  renewed  from 
tiie  stratum  intermedium,  as  many  writers  on  the  subject 
have  supposed." 

The  free  surface  of  enamel  has  a  pitted  or  honey-combed 
outline,  whence  the  Tomes'  fibres  have  been  withdrawn  ;  the 
rest  is  almost  homogeneous. 


Fig.  202.— Similar  to  Fig.  200.    p.s.  Pitted  surface  'of  enamel ;  c.  Calco- 
globular  maSs  in  an  ameloblast. 

Not  so,  however,  the  dentine,  for  traces  of  its  tubular 
nature  can,  even  at  this  early  stage  of  growth,  be  easily 
observed  in  sections  stained  with  Ehrlich's  acid  haematoxy- 
lene  in  its  calcified  (external),  and  less  clearly  in  the  formed 
but  as  yet  uncalcified  portions. 

The  superficial  mesoblastic  cells  of  the  papilla,  before  the 
formation  of  the  odontoblasts,  are  arranged  with  a  certain 
amount  of  regularity,  with  their  long  axes  pointing  towards 
the  ameloblasts.    These  in  their  growth  become  elongated, 
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the  result  being,  according  to  Paul- ,//.),  the  formation  of 
a  dehnite  superficial  zone. 

Their  nuclei  are  "  resting."    (See  Fig.  112). 

Later  on  the  odontoblasts  themselves  begin  to  appear 
among  these  superficial  cells,  the  nuclei  of  which,  passing 
from  the  resting  stage,  undergo  atrophy. 

The  remainder  of  the  papilla  is  made  .up  of  branched 
continuous  cells. 

Shortly  after  the  fusiform  connective  tissue  cells,  which  go 
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Fig.  203. — Vertical  section  thiougli  mandible  of  human  foetus  at  about  the 
i6oth  day  of  intia-utenne  life.    Shews  base  of  temporary  canine  tooth. 
Prepared  as  usual  with  soft  tissues.'  Stained  en  masse  in  borax-carmiiie. 
Cut  in  paraflin-wax  Magnified  50  times.  B.  Base  of  dentine  papilla  ;  h. 
Epithelial  sheath  of  Hertwig., 

to  make  up  the  dental  sac  or  follicle,  have  become  continuous 
round  the  whole  tooth-germ,  the  investing  stellate  reticulum 
begins  to  disappear.  The  first  stage  in  its  atrophy  and 
absorption  is  the  disappearance  of  the  nuclei  of  these 
cells. ^  The  external  epithelial  cells  become  somewhat 
separated,  but  connected  still  with  the  branches  of  the  stellate 

'  The  stellate  reticulum  persists  longest  in  the  intervals  between  the  cusps  of  the 
molar  teeth^ 
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reticulum  on  the  one  hand  and  the  elongated  cells  of  the 
dental  sac  on  the  other.  The  ameloblasts  reach  their  highest 
degree  of  development  over  the  cusps  of  the  dentine  germ, 
and  the  enamel  is  being  rapidly  manufactured.  The  dentinal 
wall  of  the  tooth  germ  is  lengthening  towards  the  base  of 


Fig.  204. — Vertical  seclion  tliiougb  jaw  of  pup  at  birtli.  Prepared  in  the 
usual  way.  Stained  with  Ehrlich's  acid  hxmatoxylene.  Magnified  45 
times.  Represents  the  stage  of  development  in  man  at  about  the  140th 
day.  O.E.  Oral  epithelium  ;  A.  Ameloblasts  ;  E.  Enamel  ;  i).  Dentine  ; 
o.  Odontoblasts  ;  d.P.  Dentine  papilla  ;  s.K.  Stellate  reticulum;  E.E. 
External  epithelium;  D.s.  Dental  sac  ;  B.  Bone  of  jaw;  I'.z.  Tooth- 
band  of  permanent  tooth  germ  ;  M,  Muscle  fibres  cut  transversely. 

the  dentine  germ,  which  shews  signs  of  constriction  by,  the 
approximation  of  the  cells  of  the  internal  epithelium. 

At  the  extreme  point  they  suddenly  curve  upwards  and 
outward s,and  thus  form  the  epithelial  sltealh  of  Hertwig. 
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The  cells  of  the  dentine  germ  possess  the  same  histological 
characteristics,  except  those  on  the  surface    of  the  pulp, 


Fig.  205. — Coronal  section  through  the  maxilla  of  a  foetal  pig.  Prepared  and 
'stained  as  in  last  figure.    Magnified  the  same.    Represents  the  stage  of 
development  in  man  at  about  the  I20th  day.    Lettering  as  in  Fig.  204. 


which,  as  the  so-called  odontoblasts,  are  clearly  differentiated 
in  size,  shape,  and  staining  projDerties  from  the  other  con- 
nective tissue  cells. 
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Fig,  206, — Coronal  section  Ibiough  the  mandible  of  a  kitten.  Stained  with 
borax-carmine  after  hardening  in  formic  aldehyde.  The  blood  vessels 
are  naturally  injected,  R  epresents  the  stage  of  development  in  man  at 
alrout  the  iColh  day.  '  Magnified  65  times.  E.  Enamel;  d'.  Dentine; 
s.R.  Stellate  reticulum  ;  I'.A'.  Blood  vessels  in  the  pulji ;  L.  Loops  of 
cajiillaries  extending  to  the  cxteinal  epithelium  of  llie  enamel  organ. 
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Fig.  207. — Vertical   section    of  mandible  of  pup  at  birth.    Stained  with 
hDcmatox3  lene.    Magnified  30  times.    About  same  age  as ,  preceding 
figure.  K,  Early  formation  of  a  root ;    Ji.N.  Mandibular  nerve,  with 
accompanying  arteiy  and 'veins, 
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(ix)  'Evolution  of  the  Permanent  Toothgerrus. 

About  this  period  sections  shew  the  epithelial  inflection 
which  goes  to  form  the  successional  tooth,  which  is  but  the 
growing  or  free  end  of  the  zahnleiste,  and  not  a  budding 
from  the  neck  of  the  enamel  organ  of  the  temporary  tooth 
germs.  Rose,  of  Leipzig,  has  proved  this  fact  beyond  doiibt. 
This  neck  has  now  completely  vanished.  . 

Subsequently  the  tooth  germ  assumes  the  shape  of  the. 
future  tooth.  The  enamel  organ  has  gone ;  the  calcified 
dentine  and  dentogenetic  zone  surround  the  young  pulp.  The 
thickness  of  the  enamel  cap  has  increased  ;  the  regularly- 
arranged  ameloblasts  and  stratum  intermedium  cells  are  very 
pronounced,  and  nothing  intervenes  between  the  oral 
epithelium  and  the  straiuni  intermedium  but  a  large  amount 
of  submucous  tissue,  composed  of  long  branching  fusiform 
connective  tissue  cells  imbedded  in  a  thin  stroma,  which  also 
contains  blood  vessels,  and  at  times,  tiny  masses  of  epithelium 
[^^ glajids  of  Serres").  The  latter  are  derived  from  the  rem- 
nants of  the  fenestrations  of  the  tooth  band.  The  former 
seem  to  run  right  down  to  the  condensed  papillary  tissue  on 
the  surface  of  the  stellate  reticulum,  as  if  they  were  carrying 
special  nutritive  material  to  this  region. 

In  the  young  pulp,  the  walls  of  the  blood  vessels  and 
rudimentary  medullated  nerve  fibres  make  their  appearance, 
the  first  by  the  approximation  and  joining  up  of  the 
branching  process  of  the  longer  cells,  running  singly  in  a 
line,  the  second  by  the  development  of  the  cells  in  longitudinal 
bundles. 

The  vascularity  or  otherwise  of  the  enamel  organ  is  not5^et 
determined,  many  competent  authorities  holding  opposite 
opinions  on  this  subject..  Thus  Lionel  Beale,  Leon  Williams, 
Howes,  and  Paulton  assert  that  a  vascular  network  is  to  be 
found  in  the  stratum  intermedium,  while  Tomes,  Paul, 
Andrews,  Wedl,  Sudduth,  and  Magitot  affirm  its  non- 
vascularity. 
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(x)  The  Blood  Supply  of  the  dr.'cloping  DerdaL  Tissues 

In  determining  the  relationship  which  normally  exists 
between  the  vascular  supply  of  the  dental  tissues  and  the 
tissues  themselves,  it  is  necessary  to  consider  the  origin  of 
the  blood  vessels,  their  arrangement  and  mode  of  distribu- 
tion, and  the  areas  governed  by  them.  Where  great  develop- 
ment is  taking  place  there  is  free  blood  supply,  and  the  more 
complex  the  organisation  of  a  part — whether  in  anatomical 
structure  or  location  or  in  physiological  function — the  more 
abundant  anastomosis  of  capillary  blood  vessels  is  found. 
And  this  anastomosis  is  most  important  in  controlling  the 
growth  of  the  tissue,  as  on  it  depends  the  hypertrophy,  or 
atrophy,  or  normal  conditions  of  the  part.  For  should  the 
blood  stream  be  increased  or  accelerated,  then  overgrowth 
results  ;  while,  on  the  other  hand,  should  it  be  diminished  or 
occluded,  it  is  followed  by  shrinkage,  atrophy,  degeneration, 
and  death. 

Hence  the  blood  supply  of  the  hard  and  soft  dental  tissues 
is  of  vital  importance  ;  when  normal,  the  tooth  undergoes 
the  changes  consequent  on  evolution,  and,  finally,  is  erupted 
in  a  perfect  condition  ;  when  abnormal,  hypertrophies  and 
atrophies  of  the  whole  or  parts  of  the  teeth  are  prodviced, 
and  irregularities  of  external  configuration,  defects  in 
quality  of  the  organic  and  inorganic  substances  and  other 
deviations  from  typical  forms  occur. 

The  most  useful  subject  for  the  purposes  of  the  examination 
of  the  capillary  arrangement  is  an  injected  section,  in  which 
the  functional  activity  of  development  is  most  progressive, 
and  most  clearly  discernible — a  section  whose  genetic  cells  are 
most  busily  engaged  in  producing  the  various  dental  and 
peri-dental  structures— a  section,  in  short,  which  exhibits 
the  birth  of  the  life-history  of  a  tooth. 

Here  it  is  found  that  the  tissues  formed  from  each  layer  of 
the  primitive  blastoderm  are  supplied  by  separate  sets  of 
vessels.  There  is  (i)  an  external  or  superficial,  and  (ii)  an 
internal  or  deep  network,  the  former  being  distributed  to  th? 
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tissues  which  are  epiblastic  in  origin,  including  gum  and 
certain  parts  of  the  enamel  organ  ;  the  latter  to  those  arising 
from  the  mesoblast,  including  dentine  papilla,  dental  sac, 
and  surrounding  bone.  Thus,  the  external  set  of  vessels  is 
distinctly  separated  from,  and  has  no  connection  with,  the 
internal' deeper  set,  except  at  one  part,  viz.,  the  periodontal 
membrane,  where  they  meet  and  anastomose  freely.  (See 
Plate  I.) 


Fig.  208. — A  portion  of  the  blood  supply  of  the  stratum  intermedium  of  the 
enamel  organ  of  the  section  photographed  in  Fig.  206.  Magnified  300 
times.  The  staining  was  unsuited  to  reveal  the  structure  of  the 
ameloblasts :   but   it  displays  the  blood  corpuscles  which  have  been 

retained  in  situ. 

(i)  T//e  external  set  supplies  the  enamel  organ-  and  gum. 
On  examination  of  the  enamel  organ  proper,  it  is  found  that 
its  external  part  is  absolutely  free  from  any  closely-meshed 
network  of  capillaries.  The  layer  of  cells,  forming  the 
external  epithelium  and  the  thin  branching  cells  of  the 
stellate  reticulum  have  no  blood  supply.  One  or  two  large 
non-branching  vessels  traverse  the  space  occupied  by  the 
reticulum,  from  the  thick  gum  and  connective  tissues  lying 
ej^ternal  to  the  enamel  organ.    These,  having  advanced  as 
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far  as  the  stratwii  nitcrinediiun,  suddenly  break  up  into  num- 
bers of  small  capillaries,  and  form  a  beautiful  plexus  which 
supplies  the  cells  of  this  intermediate  layer  and  the  internal 
epithelium. 

But  the  capillaries  are  placed  very  closely  together  over 
the  layer  of  ameloblasts-a  fact  explained  by  the  activity  and 
importance  of  these  cells  in  the  formation  of  enamel  and  their 
consequent  necessity  for  a  large  supply  of  blood. 

Little  need  be  said  of  the  vessels  of  the  gum.  The  stratum 
corne7/m,  Ivcidmn,  and  graniihsuni  are  non-vascular i zed  :  the 
rcte  Malpighii  and  fibrous  connective  tissue  of  the  dermis 
differing  greatly  by  being  abundantly  provided  with 
numerous  straight,  long  vessels  which  ramify  in  every  direc- 
tion. It  is  clear,  therefore,  that  the  nourishment  of  enamel 
organ  and  fibrous  tissue  of  the  gum  emanates  from  the  same 
source,  and  is  quite  differentiated  from  that  of  the  other 
dental  structures, 

(ii)  The  internal  set  supplies  the  dentine  organ,  dental  sac, 
and  surrounding  bone. 

In  the  dentine  organ,  the  pulp  has  by  far  the  largest  and 
most  important  system  of  blood-vessels.  Here,  one  large  vessel 
enters  at  the  apical  foramen  of  the  tooth,  and  occupying  its 
longitudinal  axis,  passes  sinuously  outwards,  to  end  near  the 
newly-formed  dentine.  As  it  proceeds,  its  calibre  becomes 
somewhat  diminished  in  size,  and  in  a  thick  plexus  of  vessels 
its  branches  terminate  beneath  the  odontoblasts,  some  run- 
ning, in  adult  pulps,  into  the  basal  layer  of  Weil.  There  appears 
to  be  no  definite  regularity  in  the  arrangement  of  the  primary 
branches :  they  leave  the  large  arterial  trunk  at  a  consider- 
able angle — in  some  sections  this  approaches  to,  even  if  it 
does  not  exceed,  a  right  angle.  The  secondary  and  other 
branches  have  a  similar  arrangement;  The  greater 
number  of  the  minor  distal  branches  run  parallel 
to  the  dentogenetic  zone  under  cover  of  the  odontoblasts, 
between  and  around  whicli  their  ultimate  ramifications  are 
distributed.  These  cells  and  the  small  round  pulp  cells 
which  lie  closely  to  them,  have,  therefore,  an  abundant  supply 
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of  blood,  brought  about  in  a  similar  manner  to  that  which 
obtains  in  the  cells  of  the  stratum  intermediuvi,  and  internal 
epithelium. 

•  The  comparative  size  of  these  pulp  vessels  is  much  greater 
than  that  of  the  fine  closely-set  capillaries  of  striped  muscle 
fibre-;  they  bear  a  slight  analogy  to  them,  but  none  of  the 
varicosities  or  spherical  dilatations  found  on  the  walls  of  the 
latter  are  to  be  observed  in  the  former. 

The  advantages  of  this  peculiar  method  of  arrangement— 
the  sinuous  primary  "arterial  trunk,  the  branches  coming  off 
at  right  angles,  the  minute  anastomosis  beneath  the 
dentine— are  manifest  at  once.  It  is  evident  that  they  are 
thus  distributed,  first,  to  give  as  large  an  area  of  blood 
supply  to  the  pulp  tissues  in  as  small  a  space  as  possible ; 
and,  second,  to  prevent  shock  or  any  other  extraneous 
influence  from  acting  injuriously  on  its  delicate  elements.  In 
this  manner,  a  flow  of  blood  to  the  part  is  maintained— con- 
stant and  uniform,  two  necessary  factors  in  the  production  of 
perfect  development,  growth,  and  nourishment. 

Included  in  the  term  "  dental  sac "  at  this  period  of  the 
genesis  of  the  tooth,  are  its  products,  the  cementum  and 
periodontal  membrane. 

It  is  difficult  to  determine  absolutely  whence  and  how  the 
cementum  is  nourished.  It  would  seem  to  come  chiefly  from 
the  periosteal  vessels.  That  trophic  influences  are  exercised 
upon  it  to  a  certain  but  limited  extent,  is  an  undoubted  fact, 
and  it  is  equally  certain  that  the  dentine  is  not  the  medium 
by  which  they  come.  Hence  it  is  fair  to  presume  that  the  same 
vessels  which  supply  the  alveolo-dental  membrane,  vitalize 
the  tissue  by  m.eans  of  a  protoplasmic  exudation  from  their 
walls,  which  passes  into  it  via  the  channels  which  contain 
Sharpey's  perforating  fibres. 

Wedr  was  the  first  to  demonstrate  that  the  dental  perios- 
teum has  three  sources  for  its  blood  supply,  viz.:  (a)  from  the 
gum,  (b)  from  the  pulp,  and  (c)  from  the  adjacent  bone  of  the 
alveolus. 


1  "  Pathologic  derZlihne,"  1870. 
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In  regard  to  the  first,  it  has  already  been  shewn  that  the 
external  and  internal  sets  unite  in  this  situation,  the  vessels 
of  the  gum  running  deep  downwards  to  anastomose  with  the 
internal  set  which  supplies  the  dental  sac.  But  also  loops  of 
capillaries  from  the  main  arterial  trunk  of  the  pulp,  before  it 
enters  that  organ,  can  be  seen  spreading  outwards  and  join- 
ing the  before-mentioned  vessels.  (See  F.  in  Plate  I.) 
And  in  addition,  numerous  offshoots  from  the  capillaries  of 
the  alveolar  bone  run  towards  the  cementum,  and  form  thick 
plexuses  with  the  other  two.  The  periosteum  is,  therefore, 
most  richly  vascularized,  and  forms  by  its  method  of  attach- 
ment the  vascular  bridge,  so- to  speak,  between  the  living 
tissues  of  the  jaw  and  the  living  tissues  of  the  tooth. 

The  vascularization  of  the  bone  of  the  alveolus  calls  for  no 
further  comment  here,  being  identical  with  the  blood  supply 
of  cancellous  bone  elsewhere. 

Briefly,  to  summarise,  it  can  be  said  with  tolerable  cer- 
tainty that  of  the  soft  tissues,  the  pulp  as  being  the  most 
important  nutritive  agent,  has  the  greatest,  and  the  gum  the 
smallest  system  of  capillaries  ;  while  in  the  enamel  organ  the 
reticulate  cells,  and  the  external  epithelium  are  destitute  of 
any  vessels  whatsoever. 

An  examination  of  the  section  from  a  photomicrograph  of 
which  Fig.  206  is  reproduced,  shews,  however,  that  while  blood 
vessels  do  not  actually  anywhere  pierce  the  stellate  reticulum, 
yet  long  capillaries  run  freely  everywhere  immediately 
outside  the  external  epithelium  ;  and  where  this  is  closely 
applied  to  the  stratum  intermedium  (the  intervening  stellate 
tissue  being  atrophied),  the  numbers  and  size  of  the.  capil- 
laries are  greatly  increased.  This  must  not  be  interpreted, 
however,  as  signifying  vascularization  of  the  enamel  organ. 

The  cells  of  the  internal  epithelium  must  obtain  a  free 
blood  supply  from  somewhere,  for  the  purpose  of  manu- 
facturing the  calcific  basis  of  enamel,  and  it  is  difficult  to  con- 
ceive of  this  physiological  phenomenon  occurring  as  a  product 
of  cells  which  have  no  contiguity  whatever  with  the  vascular 
system  of  the  body. 
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The  latest  addition  to  the  literature  of  the  vascular 
supply  of  the  teeth  of  man  comes  from  the  pen  of  Dr.  W. 
Lepkowski,  of  Cracow.  Following  up  original  work  on 
injected  preparations  of  the  teeth  of  the  lower  placental  verte- 
brates, there  appeared  an  interesting  article  on  "  The  Distribu- 
tion of  the  Blood  vessels  in  the  teeth  of  Man"  in  the  "Anato- 
mische  Hefte."^ 

"In  a  foetus  of  seven  months  the  alveolar  artery  pro- 
vides one  branch  for  each  tooth-germ  which  is  thus  entered 
at  its  base.  The  artery  directly  before  its  entrance  into  the 
sac  is  still  to  be  recognised  as  such,  and  can  be  easily  distin- 
guished from  the  veins  accompanying  it.  Further  on,  the  walls 
of  the  artery  become  so  thin  that  even  in  stained  prepara- 
tions they  can  no  longer  be  distinguished  from  the  two  veins 
accompanying  it.  The  vesseLnow  rises  to  the  highest  part  of 
the  pulp  and  there  divides  into  a  number  of  branches,  which 
spread  out  in  a  fan-like  fashion  from  the  base  to  the  apex  of 
the  tooth-germ.  These  branches  are  really  capillaries.  They 
proceed  between  the  odontoblasts  up  to  the  dentine  and 
there  form  broad  loops  which  unite  with  each  other.  As  has 
already-been  described  in  animals,  there  also  spreads  out  in 
man,  on  the  surface  of  the  pulp  between  the  odontoblasts,  a 
broad  net  of  capillaries,  which  is  distinguished  from  the 
remaining  woof  running  through  the  pulp  by  its  breadth  and 
density.  An  examination  of  numerous  sections  teaches  one 
that  the  distribution  of  this  capillary  net  is  not,  however, 
the  same  on  the  whole  surface  of  the  pulp.  At  the  base  of  the 
tooth  the  vascular  anastomosis  is  always  denser  and  more  inter- 
woven than  towards  its  apex,  where  the  net  becomes  com- 
paratively broader  and  looser.  This  arrangement  of  the 
vessels  follows  the  arrangement  of  the  odontoblasts. 
With  low  magnifying  power  there  can  be  seen,  in  pre- 
parations stained  with  carmine,  a  broad  band  of  odonto- 
blasts at  the  base  of  the  tooth-germ  just  where  the  vessels 
also  are  present  in  greater  numbers  ;  towards  the  top  of  the 


I  "  Die  Verteilung  der  Geiasse  in  den  Ziihnendes  Menschen,"  Weisbaden,  1901. 
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tooth-germ  the  breadth  of  the  odontoblast  layer  decreases 
appreciably,  and  simultaneously  the  network  of  the  vessels 
becomes  looser.  It  can  scarcely  be  doubted '  that  both 
appearances  are  connected  with  each  other.  It  is  also 
easily  to  be  explained  why  at  the  base  of  the  tooth-germ  the 
vessels  and  odontoblasts  are  more  closely  arranged  than 
elsewhere;  for  it  is  on  the  base  of  the  tooth  that  new 
substance  is  deposited,  and  the  vessels  and  odontoblasts  are 
chiefly  concerned  in  this  process.  As  this  distribution  of  the 
vessels  and  cells  can  be  seen  in  every  preparation,  we  may 
consider  this  kind  of  arrangement  as  the  rule  in  the  formation 
of  teeth.  In  reference  to  the  mutual  relationship  between 
capillaries  and  odontoblasts,  it  may  be  mentioned  that 
the  former,  as  loops,  reach,  between  the  odontoblasts, 
up  to  the  dentine  layer.  They  take  no  direct  share  in  the 
formation  of  the  tooth-canals.  On  the  other  hand,  we  must 
assume  that  they  convey  the  necessary  material  for  the  building 
up  of  the  tooth  and  induce  special  activity  of  the  odontoblasts. 
The  dense  distribution  of  the  vessels  at  the  surface  of  the 
pulp,  between  the  odontoblasts  generally,  as  also  specially  at 
the  basal  parts  of  the  tooth-germ,  points  to  this.  .... 

"  If  we  compare  the  vascular  systems  in  the  various  teeth 
of  the  same  embryo,  we  obtain  deviations  according  to  the 

number  of  the  roots  and  the  form  of  the  tooth  crown  

If  we  take  a  section  through  a  single  root  tooth-germ— for 
example,  a  canine— we  get,  in  the  centre  of  the  pulp,  a  bundle  of 
vessels,  which  after  their  sub-division  into  finer  ramifications 
provide  for  the  entire  pulp,  and  under  the  dentine  spread  out 
in  a  characteristic  manner.  In  the  germ  of  a  two-cusp 
tooth  there  are  present  two  bundles  of  vessels  separated  from 
each  other.  From  this  we  get  the  impression,  that  the  tooth 
had  been  developed  from  a  number  of  single  teeth  corres- 
ponding to  the  cusps  and  roots.  A  series  of  sections  obtained 
from  the  tooth-germ  of  a  three-rooted  molar  favours  the 
proposition  still  more.  We  see,  therefore,  in  the  first  sections 
two  bundles  of  vessels  and  two  cusps.  The  vascular  bundles 
enter'  separately  at  the  base  of  tlie  tooth-germ,  and  only  in 
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their  ramificcations  in  the  tooth  pulp  do  they  become  connected 

with  each  other." 

As  "a  carollary  to  this  line  ot  argument  this  author 
formulates  the  following  highly  interesting  theory:  "I 
believe  that  my  results  on  the  distribution  of  the  vessels 
in  developing  molars  -  speak  in  favour  of  the  hypothesis 
iidvanced  by  various  investigators,  among  them  Dybowski 
andRose('ErgebnissederAnat.undEntwickelungsgeschichte,' 

1899),  that  the  heterodont  set  of  teeth  of  man  and  mammals 
has  originated  from  a  homodont  dental  apparatus.  The 
individual  cone-shaped  teeth  such  as  exist  to-day  in  reptiles, 
becoming  approximated  through  the  shortening  of  the  maxilla, 
fuse,  so  to  speak,  and  form  compound  teeth,  which  accord- 
ing to  their  function  and  the  development  of  the  osseous 
parts  surrounding  them,  in  the  course  of  time,  receive  their 
present  shape.  The  witness  for  their  descent  from  simple 
teeth  is  to  be  sought  for  in  the  rudiments  of  several  cusps, 
and  their  separate  vascular  supply  during  their  development. 
Not  much  reliance  must  be  placed  upon  the  number  of  roots 
with  which  they  are  provided.  As  already  stated,  this  is  as  a 
rule  reduced,  perhaps  in  consequence  of  mechanical  influences. 
Besides,  as  is  known,  there  are  often  found  four,  five,  or  even 
six  roots  on  molars.  Their  presence  proves  that  correspond- 
ing to  the  number  of  cusps  under  favourable  conditions  they 
may  continue  to  exist  in  their  original  type  without  reduction, 
of  course,  as  rudiments,  of  the  former  homodont  masticating 
apparatus. 

"  The  vessels  which  externally  surround  the  enamel-organ 
are  connected  with  the  pulp-vessels.  The  vessels  originate  in 
the  inter-alveolar  arteries  which  supply  the  cancellous  bone 
substance  of  the  maxillae.  They  spread  out  in  a  dense  woof 
at  the  surface  of  the  enamel-organ,  but  do  not,  however, 
penetrate  between  the  ameloblasts  of  the  enamel-organ. 
To  judge  from  microscopical  sections  they  belong  to  the 
venous  system.  They  surround  the  tooth-germ  from  the 
first  rudiments  of  its  development.  Notwithstanding 
that  they  deviate  from  the  m.ethod  of  arrangement  of  the 
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pulp- vessels,  they  agree  with  the  latter  in  so  far,  in  a  physio- 
logical sense,  that  they  play  an  active  part  in  the  formation 
of  the  enamel,  as  the  others  have  an  active  share  in  the 
formation  of  dentine.  On  thorough  examination  of  the  prepara- 
tions, it  is  observed  that  at  the  apices  of  the  tooth-germs  where 
the  enamel  is  thickest,  the  vascular  net  is  also  denser. 
The  points  correspond  to  the  highest  parts  of  the  tooth. 
When  the  tooth  crown  is  near  its  completion,  the 
activity  of  the  enamel  cells  gradually  ceases,  and  the 
vessels  supplying  them  slowly  undergo  retrogressive  changes. 
Within  the  tooth,  however,  the  formative  activity  of  the 
odontoblasts  and  the  blood  vessels  still  continues,  until  the 
dentine  of  the  crown  and  the  roots  has  been  built  up. 

"The  disappearance  of  the  vessels  of  the  enamel-organ 
begins  at  the  summit  of  the  tooth,  and  proceeds  in  the  direction 
of  the  root.  In  the  stages  of  evolution,  in  which  the  tooth  is 
erupted,  the  superficial  vessels  unite  with  those  of  the  gum, 
those  lying  deeper  surround  the  root  and  supply  its  newly- 
formed  periodontal  membrane.  They  spread  out  on  the  walls 
of  the  alveolus,  and  remain  in  this  position,  as  long  as  the 
tooth  exists.  .  .  .  Of  the  pulp-vessels,  individual  vessels  or  also 
bundles  of  them  occasionally  separate,  perforate  in  places  the 
dentine-layer  and  the  enamel-la)'er  and  obtain  connection 
with  vessels  surrounding  the  tooth-germ  on  the  outside. 
Examples  of  such  vascular  connections  I  have  observed  in 
tooth  preparations  of  the  embryos  of  the  lower  animals,  as 
also  in  those  of  man. 

"  On  examining  such  sections  one  might  be  tempted  to 
think  of  an  analogy  with  the  Haversian  canals  in  bones. 
However,  the  vascular  connections  of  the  kind  mentioned 
are  too  rare  to  be  looked  upon  as  quite  normal  formations. 
I  believe  I  can  explain  in  another  way  this  vascular  com- 
munication which  arises  but  rarely. 

"  In  later  stages  of  development,  and  in  adult  man,  one 
finds  at  the  lateral  surfaces  of  the  teeth,  and  more  especially 
on  the  molars,  a  funnel  shaped  constriction.  In  sections, 
made  transversely  through  the  tooth  at  the  level  of  such 
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a  depression,  one  observes  the  dentine  canals  markedly 
condensed,  as  it  were,  as  if  there  were  present  a  scar  in  the 
dentinal  tissue,  which  reached  up  to  the  pulp  cavity. 

"  In  my  opinion  these  cicatricial  formations  in  the  developed 
tooth  are  related  to  the  vascular  communications  just  des- 
cribed. I  myself  during  my  researches  on  fully  formed  teeth 
have  never  seen  any  other  formations  than  this  cicatricial 
contraction,  but  Thiel  mentions  a  case  which  tells  in  favour 
of  my  view.  Scheff  cites  the  same  case  in  his  '  Handbuch  ' 
when  discussing  haemorrhage  after  extractions.  After  the 
extraction  of  the  first  upper  bicuspid  on  the  right  side,  con- 
siderable bleeding  followed,  which,  on  careful  examination, 
was  traced,  from  the  wall  of  the  alveolus,  to  a  bundle  of 
vessels  which  entered  the  tooth  at  the  neck  and  ran  trans- 
versely through  the  dentine  up  to  the  pulp.  At  the  outset  it  is 
not  to  be  assumed  that  the  vessels  in  the  case  mentioned  above 
originally  perforated  the  fully-formed  tooth,  because  the  tooth 
substance  in  advanced  life  is  too  hard  to  allow  blood  vessels  to 
penetrate,  and,  on  the  other  hand,  the  vascular  supply  at 
that  period,  in  comparison  with  that  of  a  younger  age,  is 
too  slight." 

Lepkowski  holds  that :  "  If  we  compare  the  vascular  dis- 
tribution in  the  teeth  of  man  with  that  of  mammals,  such 
as  the  pig,  the  horse,  and  the  rabbit,  we  find,  what  was 
to  be  expected,  that  there  are  no  appreciable  differences. 
The  course  of  the  vessels,  their  distribution,  the 
density  of  the  vascular  net  at  corresponding  places,  and 
its  relationship  to  the  tissues  in  course  of  formation,  are 
the  same  here  as  there.  The  more  pronounced  differences 
are  in  the  number  of  the  vessels  in  the  tooth-germ. 
In  embryos  of  the  animal  species  cited,  there  exists  in  the 
pulp,  as  also  specially  in  the  enamel  organ,  far  richer 
vascular  ramifications  than  in  the  corresponding  teeth  of 
human  embryos.  The  explanation,  to  my  idea,  is  not  far  to 
seek.  There  exist  very  considerable  differences,  first,  in 
the  relative  size  of  individual  teeth  between  animals  and  man 
(for  example,  the  canine) ;  and  secondly,  in  the  thickness  of 
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the  layers  of  substance.  In  the  dog  the  thickness  of  the 
enamel  layer  surpasses  by  far  that  of  the  human  teeth.  It 
is,  therefore,  quite  natural  that  the  tooth-germs  of  animals 
are  provided  more  richly  with  vessels. 

"Otherwise  the  vascular  distribution  from  embryological 
periods  up  to  the  complete  development  of  the  teeth  is,  in 
its  fundamental  characteristics,  analogous  in  man  and 
animals.  The  observations  also  which  I  have  made  in  regard 
to  the  relationship  of  vessels  to  the  cusps  and  roots  in 
human  teeth  may  be  similarly  applied  to  the  teeth  of 
animals." 

The  subject  is  one  of  importance,  and  invites  greater 
attention  than  has  hitherto  been  accorded  to  it.  It  should 
not,  however,  be  so  difficult  a  matter  to  determine  in  these 
latter  days  ;  since  the  modern  introduction  into  the  methods 
of  Dental  Microscopy,  of  solutions  of  formic  aldehj^de,  as  a 
fixing  and  hardening  agent,  has  shown  that  the  natural 
injection  of  blood  vessels  by  blood  cells  can  be  maintained 
almost  exactly  as  during  life. 

(xi)  Final  Si  ages  of  Evolution 

Later  phases  in  the  evolution  of  the  teeth  include  the 
growth  of  enamel  and  dentine,  the  approximation,  to  the  sur- 
face of  enamel,  of  the  external  epithelium  as  the  cellular 
layer  ofNasmyth's  membrane,  and  the  complete  organiza- 
tion of  the  dental  follicle. 

(xii)  Dental  Sac 

As  a  thick  investing  fibrous  belt  this  structure  envelopes 
the  whole  of  the  tooth,  except  at  the  apex  of  its  root.  Each 
tooth  has  its  own  follicle  :  and  each  follicle  has  a  separate 
entity.  At  first  consisting,  as  has  already  been  pointed  out,  of 
layers  of  flat  fusiform  cells,  round  cells  begin  to  be  formed 
within  it.  These  move  in  an  inward  direction,  and  assume 
the  shape  and  functions  of  ordinary  osteoblasts.  The  result 
of  their  energization  is  to  deposit  cemental  matrix,  which, 
^bovit  the  times  of  the  completion  of  the  crowns  of  the  teeth, 
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becomes  intimately  and  securely  applied  to  the  external  peri- 
phery of  the  dentine,  These  cells  probably  pour  it  out  as 
a  homogeneous  ossifying  flood. 


Fig.  209, — To  shew  the  vascular  supply  of  tlie  dentine  papilla.  Magnified 

55  times. 


The  remainder  of  the  follicle  becomes,  almost  synchron- 
ously, transformed  into  the  periodontal  membrane. 
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Fig.  210. — Coronal  section  tbiough  the  mandible  of  a  human  fixtus,  at 
about  the  170th  day  of  inlia-uteiine  life.  Prepared  by  decalcification, 
after  fixing  in  formic  aldehyde.  Stained  with  ha;mato.\ylene,  and 
counterstained  with  eosine.  Magnified  15  times,  k.  Enamel  of  decid- 
uous tooth  ;  I),  Dentine  ;  s.R.  Stellate  reticulum  ;  i)  i".  Dentine  papilla  ; 
IJ..S,  Dental  sac  ;  i'./..  Tooth  band  of  permanent  molar  tooth  on  lingual 
side;  Jf.v.  Blood-vessels|extending  to  external  epithelium  ;  g.  Oral  epi- 
theliuin  ;  u.  Bone  of  jaw ;  m.n.  Afandibular  nerve  ;  Vi.  A  supposed 
vestigial  germ  (pre-milk)  ;  \\,.  A  supposed  vestigial  germ  (post  per- 
manent). 
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Fig.  21 1.— Tlic  same  as  the  precediug.  To  shew  the  "  tufts"  on  the  tooth- 
band  of  the  permanent  germ.  Magnified  75  times.  I'.z.  Zahnleiste  of 
permanent  tooth  germ  ;  t.  "Tufts";  v^.  Part  of  the  tooth-band  which 
might  be  considered  by  some  authorities  to  represent  the  tooth-band  of 
a  vestigial  (pre-milU)  tooth;  v,.  That  of  post  permanent- tooth  ;  B. 

Blood-vessels, 
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Fig,  212. — Sagittal  section  of  mandible  of  kitten,  with  tlie  deciduous  and 
permanent  teeth  in  situ.  The  former  is  fully  erupted.  Prepared  by 
decalcification  after  fixing  in  formic  aldehyde,  and  hardening  iu  alcohol. 
Magnified  15  times.  Represents  the  stage  of  development  in  man  about 
the  i8th  month  after  birth.  D.T.  Dentine  of  deciduous  tooth  ;  p.  Its 
pulp;  I'.M.  Blood  vessel  in  its  root  membrane;  A.o.  Its  absorbent 
organ;  i).  Dentine  of  permanent  tooth  ;  d.p.  Dentine  papilla  of  same; 
B,  Bone  of  jaw  ;  g.  Gum  tissue  ;  m.n.  Mandibular  nerve. 
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It  is  likely  that  a  special  cement  organ,  which  according  to 
Magitot  partakes  of  the  nature  of  fibro-cartilage,  exists  over 
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213. — The  permanent  tooth  germ  of  preceding  figure.  Magnified 
65  times.  D.  p.  Dentine  papilla ;  o.  Odontoblasts;  D.  Dentine;  E. 
Enamel  ;  A.  Ameloblasts ;  S.R,  Stellate  reticulum ;  E.E.  External 
epithelium  ;  D.S,  Dental  sac  ;  B.v.  Blood  vessels  going  down  to  ex- 
ternal epithelium  ;  U.T.  Dentine  of  deciduous  tooth;  A.o.  Absorbent 
organ  of  deciiluous  tooth  ;  B,  Bone  of  the  jaw  ;  M.A.  Mandibular  artery  ; 
M.  N.  Mandibular  nerve , 


I) 


the  crowns  of  the  developing  teeth  of  the  ruminating  groups 
in  Artiodactyla.  A  cement  organ,  as  such,  has  no  existence, 
however,  in  the  teeth  of  man. 
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'  _  An  examination  of  the  zahnleiste  of  the  permanent  tooth, 
mFigs.  2 10  and  211,  would  lead  one  to  suppose  that  here  was 
a  truly  remarkable  example  of  four  successive  tooth  germs 
in  man,  viz.:  pre-milk,  deciduous,  permanent  and  post- 
permanent  (V,.,  E.,  and  D.P.,  p.z.  and  v.).  Some  authors,  in- 
cluding Rose,  T.eche,  Kukenthal,  &c.,  would  accept  the  off- 
shoots,, as  these  aberrant  tooth  bands..  As  Tomes,  however, 
points  out  [op.  cit.  p.  363),  scepticism  can  only  be  removed  when 
these  structures  have  become  differentiated  into  external  and 
internal  epithelia,  and  calcification  is  seen  to  be  commencing. 

(xiii)  Recapitidation 

It  seems  advisable,  for  the  simplification  of  a  somewhat 
abstruse  subject,  such  as  the  Development  of  teeth  in  Main- 
i/mlia,  to  here  append  a  brief  outline  of  the  histories  of 
the  various  structures  met  with   during  such  a  study. 

1 .  Epithelial  Inflection.— Tiw^  to  individual  proliferation  of 
deepest  layers  of   cells  of  the  oral  epithelium,  and  col- 
lective penetration  into  the  sub-lying  tissues:  undergoes 
cleavage  longitudinally  ;  thus  forms  (/)  Labio-dental  strand 
and       tooth  band.   Pig.  182. 

2.  Dental Furroiv.—  k.  slight  superficial  indentation  over  the 
epithelial  inflection  :  and  Z ahn-w all— Yi^di^m^  up  of  cells  over 
same. 

3.  Labio-dental  Strandy  or  Lippenfurche. — Outer  division 
of  primary  epithelial  inflection  after  its  cleavage  :  elongates  in 
vertical  direction  ;  widens  ;  central  cells  atrophy  ;  thus  pro- 
ducing open  sulcus  between  lips  or  cheeks  and  teeth  and 
alveolar  processes  of  jaws.   Fig.  184. 

4.  Tooth  hand,  or  common  dental  germ,  ox  Zahnleiste. — Inner 
division  of  primary  -epithelial  inflection,  after  its  cleavage  : 
elongates:  has  (/']  as  one  portion,  on  labial  side,  depression 
which  goes  to  form  enamel-organs  of  ten  temporary  teeth  ; 
and  as  another  portion  [ii]  free  end  or  border  on  lingual  side, 
which,  continuing  to  grow,  produces  enamel  organs  of  ten 
permanent  teeth  on  lingual  side  of  temporary  germs  ;  and 
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Still  growing,  extends  backwards  to  form  enamel  organs  of 
first,  second  and  third  permanent  molars;  is  continuous 
around  whole  length  of  jaw  :  degenerates  and  becomes  cribri- 
form ;  finally  disappears,  leaving  sometimes  small  epithelial 
remnants  in  situ,  known  as  "  glands "  of  Serres,  or  also 
glands  in  dental  follicle. 

5.  Enamel  organ.— ^orm^^  by  expansion  of  base  of  tooth 
band  :  epiblastic  in  origin  ;  assumes  various  shapes  ;  consists 
of  external  epithelium,  stellate  reticulum,  stratum  inter- 
medium and  internal  epithelium  ;  disappears  after  jaw  bones 
are  completed,  z  o  e 
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Fig.  215. 
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Figs.  214,  215,  216. — Diagrams  to  shew  the  tooth  band,  method  of 
evolution  of  the  tooth  germs  of  the  deciduous  teeth,  and  continuation  " 
of  the  tooth  band  to  form  enamel  organs  of  their  permanent 
successors.  o.E.  Oral  epithelium  ;  z.s.  Tooth  band  in  section  ;  z.  Tooth 
band  seen  sideways  as  a  continuous  sheet  ;  e.g.  Enamel  organs;  d.p. 
Dentine  germs  of  deciduous  teeth  ;  z.p.  Continuation  of  tooth  band 
going  shortly  to  form  enamel  organ  of  permanent  tooth  germ  on  lingual 
side  of  the  others.  (After  Stohr). 

6.  Neck  of  Enamel  Organ. — Attenuated  form  of  original 
tooth  band  :  atrophies. 

7.  External  epithelium  of  enamel  organ. — Peripheral  layer 
of  round  cells  continuous  with  rete  Malpighii  on  one  hand 
and  internal  epithelium  on  other  :  undergoes  modification  and 
probably  forms  cellular  layer  of  Nasmyth's  membrane. 

8.  Stellate  Reticulum. — Epiblastic  in  origin  :  derived  from 
central  cells  of  tooth  band ;  acts  probably  as  "  packing 
material";  consists  of  large  stellar  cells  with  prominent 
nuclei,  and  long  branching  processes  ;  nuclei  atrophy  and  net- 
work entirely  vanishes. 
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9.  Stratum  IiitL'rmediimt.—'Ldiyer  of  round  or  polygonal 
cells  intervening  between  last-named  tissue  and  internal 
epithelium,  from  which  it  is  separated,  according  to  Leon 
Williams,  by  outer  ameloblastic  membrane  :  disappears. 

10.  Internal  Epitheliimi. — Continuous  at  edges  with 
external  epithelium ;  forms  enamel-depositing  cells  or 
ameloblasts ;  thickest  over  cusps  of  teeth  through  individual 
cells  being  longest  in  these  situations  :  as  such  disappears 
after  enamel  calcification  is  completed,  but  most  probably 
persists  in  modified  form  as  translucent  pellicle  of  Nasmyth's 
membrane. 

1 1 .  EpitJielial  sheath  of  Herttvig. — Continuation  downwards 
to  base  of  dentine  germ  of  layer  of  internal  epithelium  :  is 
believed  to  determine  shapes  of  future  roots  ;  disappears  ;  may 
leave  remnants  as  epithelial  "  rests"  in  periodontal  membrane. 

12.  Dentine  germ. — Formed  by  upgrowth  of  mesoblast  in 
concavity  of  enamel  organ  :  mesoblastic  in  origin  ;  assumes 
form  of  future  tooth,  viz.,  conical,  bicuspidate,  molariform, 
etc. ;  persists  as  dental  pulp. 

13.  Dentogenetic  zone. — Band  of  formed  but  uncalcified 
dentine,  bounded  externally  by  fully  completed  tissue, 
internally  by  layer  of  odontoblasts  :  disappears  when  work  of 
calcification  is  done. 

14.  Menibrana  eboris  or  odontoblasts —ZyX\VL6.x\cdi\  bipolar 
cells  situated  at  periphery  of  dentine  organ  and  dental  pulp  ; 
bounded  externally  by  dentine,  internally  by  basal  layer  of 
Weil :  perpetually  persists. 

15.  Dental  Sac  or  Connective  tissue  capsule  invest- 
ing each  tooth  germ  :  mesoblastic  in  origin,  whence  are 
derived  periodontal  membrane  and  cementum  ;  persists  till 
near  time  of  eruption,  then  atrophies. 

FORMATION  OF  THE  HARD  TISSUES 

The  study  of  the  phenomena  of  the  calcification  of  bone 
and  other  allied  tissues  involves  the  discussion  of  several 
subjects,  such  as  chemistry,  physics,  physiology,  as  well  as 
histology.    It  is  obvious  that  the  history  of  the  embryology 
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Of  the  teeth  would  be  incomplete  if  a  record  as  to  the  modes 
by  which  osseous  matter  is  deposited  in  the  soft  formative 
organs  were  omitted.  _ 

The  histological  aspects  of  such  a  study  can  alone  be  in- 
cluded in  a  work  of  this  character :  for  the  principles  of 
calcification  generally  readers  are  referred  to  the  well-known 
writings  of  Tomes,  Sims  Woodhead,  &c. 

DEVELOPMENT   OF    THE  ENAMEL 

Sir  John  Tomes  and  his  son,  Andrews,  Leon  Williams, 
and  others  have  paid  much  attention  to  investigating  this 


Fig.  217.  Fig.  218. 

Fig.  217,— Ameloblasts,  with  Tomes'  processes.    (After  John  Tomes). 
Fig,  218. — AmeloUasts,  two  of  which  have  been  immersed  in  glycerine, 

and  present  trumpet-shaped  ends  towards  the  enamel.    (After  Tomes). 
Fig.  219. — Ameloblasts,  shewing  globular  bodies,  Tomes'  processes,  and 
the  spongioplasm  of  the  cells.    (After  Tomes). 

difficult  question :  and  it  may  be  repeated  here  that  the 
absolute  truth  of  the  matter  is  unknown  :  but  the  balance  of 
favour  rests  with  those  who  hold  the  conversion  theory. 
The  following  are  brief  outlines  of  various  theories  : — 
Sir  John  Tomes  considered  that  the  enamel  is  formed  by 
conversion  of  the  ameloblasts.  The  pronounced  extremities 
of  these  cells  undergo,  first  of  all,  certain  chemical  changes  ; 
later  on  calcification  ensues.  The  central  portions  of  the 
cells  calcify  later  than  the  peripheral ;  contiguous  cells 
become  united  as  calcification  proceeds. 

Charles  Tomes,  in  his  recent  researches  on  the  development 
of  enamel  in  marsupials,  is  led  to  the  following  conclusions 
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(i)  The  ameloblast  itself  does  not  become  calcified. 

(ii)  The  chemical  and  calcareous  changes  take  place  in 

or  around  a  fibrillar  process  (Tomes'  process), 
which,  being  continuous  with  the  protoplasm  of 
the  ameloblast,  serves  for  the  entire  length  of 
an  enamel  rod,  and  solidifying  equally  through- 
out in  the  enamel  of  man  and  all  animals  but 
marsupials  and  certain  others.  See  p.  109. 
■  (iii)  A  tubular  condition  of  the  enamel  rods  is  probably 
merely  a  stage  through  which  all  rods  pass 
during  their  histogenesis. 
GrafSpee^  was  the  first  to  notice  and  describe  globular 

masses  of  some  kind  of  calcareous  material  enclosed  in  the 

reticulum  of  the  ameloblasts. 


Fig.  220.  Fig.  22:.        Fig.  222.  Fig.  223. 


Fi"  220. — Ameloblasts  prior  to  the  start  of  formation    of  the  enamel. 

(After  Walkhofi'). 

Fig  221. — The  same,   with  commencement  of  formation  of  the  enamel. 

(After  Walkhoffj. 
Fig.  222.— An  ameloblast.    (After  Waldeyer). 

Fig.  223. — Isolated  ameloblasts.  H.  Homogeneous  mass  of  calcified 
material,  extended  from  the  cell  through  (c)  the  enamel  membrane 
{cuticular-saum)  by  dialysis.    T. p.  Tomes' processes.  (After  von  Ebner). 

KoUiker  {pp.  cit.  p.  306)  conjectured  that  enamel  fods  are 
produced  by  a  secretion  by  the  cells  of  the  enamel  membrane 
which  penetrates  the  membrana preformativa  in  a  fluid  condi- 
tion, but  hardens  and  ossifies  beneath  it. 

Andrews  has  shewn  [Trans.  World's  Columbian  Dental 
Congress,  vol.  I,  1893)  that  there  is  a  deposition  of  droplets  or 
spherules  of  calcoglobulin  formed  in  the  ameloblast,  and  that 

»  "  Ueber  die  erstea  Vorgiinge  der  Ablagerung  des  Zahnschmelzes." — Anai. 
Anzeif/.,  1887. 
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these  are  excreted  by  these  cells  at  their  dentinal  ends  to 
build  up  the  enamel  rods.  The  "fibres  of  Andrews"  act  as 
a  sort  of  reticulum  or  scaffolding-  to  determine  the  arrange- 
ment of  the  deposition  ;  the  existence  of  these  fibres  being 
ultimately  blotted  out  by  the  dense  calcification  of  the  tissue. 

G.  Arnell  in  "Z//r  Kenntniss  der  Zahnbildcnden  Gewcbe"  in 
Retzius'  "Biologische  Untersuchungen  herausg.,"  II.,  de- 
monstrated, as  long  ago  as  1882,  that  the  inner  ends  of  the 
ameloblasts  are  directly  concerned  with  the  formation  of  the 
enamel  rods,  a  finely  granular  deposit  occurring  round  these 
ends. 

Heilzmann  and  Bodecker  consider  that  the  ameloblasts 
"  break  up  "  into  "  embryonal  corpuscles,"  which  afterwards 
become  calcified, 

Xavier  Sudduth  thinks  that  the  ameloblasts  excrete  the 
enamel.  He  is  more  concerned  with  the  problem  whence 
they  get  their  nutritive  supply,  and  suggests  that  the  calcium 
salts  are  stored  up  in  the  meshes  of  the  stellate  reticulum  of 
the  enamel  organ,  which  thus  furnish  material  for  the  first 
formed  layer  of  enamel. 

After  this  is  laid  down,  the  enamel  organ  having  dis- 
appeared from  over  this  calcified  layer,  a  further  supply  of 
calcium  salts  is  provided  by  a  rich  plexus  of  capillaries  which 
is  found  in  direct  communication  with  the  ameloblasts. 

Leon  Williams  holds  views  on  somewhat  similar  lines. 
According  to  him,  the  stratum  intermedium  absorbs  from 
the  capillaries  an  albumen-like  substance.  This  is  ingested 
by  the  ameloblasts,  which  transform  it  into  enamel  globules, 
and  so  form  the  rods.  Globules  are  successively  produced 
within  the  ameloblasts. 

"The  cytoplasm,"  he  writes,  "of  the  ameloblasts  has  a 
fairly  uniform  structure,  which  consists  of  a  number  of 
globular  masses  of  spongioplasm  of  the  same  diameter  as 
the  cell,  and  united  longitudinally  by  somewhat  coarser 
plasm-strings—'  the  fibres  of  Andrews.'  "  "  There  are  many 
indications  that  these  enamel  globules  are  formed  by  the 
nucleus  of  the  ameloblast :  and  they  appear  to  pass  down  the 
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cell  by  the  natural  process  of  growth,  as  new  ones  are 
formed  above,  to  be  finally  shed  off  the  inner  ends  of  the 


Fig',  224. — Section  of  developing  tdolh  of  a  calf,  at  the  commencement  ot 
enamel  formation.  Magnified  1,000  times.  It  is  clearly  seen  that 
the  organic  substructure  of  enamel  and  dentine  is  formed  from  the 
cytoplasm  of  the|cells.  A.  Cytoplasmic  netwoik  in  ameloblast ;  n.c.D.K. 
Globular  or  spherical  patterns  of  cytoplasm.  Radiating  lines  are  seen  10 
pass  from  a  central  mass  to  a  rim  which  bounds  the  circumference,  thus 
resembling  nuclear  structure.  A. like  appearance  is  shewn  in  the  com- 
pletely-formed enamel  rods.  K.  Shews  the  cytoplasm  of  ameloblast 
passing  without  break  of  continuity  into  the  forming  enamel.  Photo- 
micrograph by  Leon  Williams. 

become  completely  infiltrated  with  the  albumenoid  lime- 
conveying  substance,  and  calcified.  Enamel  globules  are  of 
uniform  size,  and  quite  distinct  from  the  more  transparent 
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and  irregularly-sized  masses  of  calcoglobulin."  "Enamel  rods 
are  manufactured  by  successive,  rhythmical,  orderl}^  deposits 
of  these  enamel  globules,  the  calcoglobular  masses  fusing 
and  forming  the  interprismatic  substance." 


C  D 


c  ]; 


A  B 


A  B 


E.g.  22S.-Sect.on  of  mature  human  enamel  of  fine  quality.  Magnified 
3,000  t.mes  a  b.  Calcified  cytoplasmic  network  composed  of  very 
fine  granular  threads  of  fibres;  c.d.  Enamel-rods  built  up  of 
sectional  or  g  obular  arrangement  of  calcified  cytoplasm.  Radiatin.. 
granular  threads  pass  from  a  central  mass  to  the  border  of  the  sectional 
part  of  the  rod.     Photomicrograph  by  Leon  Williams. 

He  finally  further  adds  [Tkc  Dental  Cosmos,  p.  477,  June 
1896) There  are  two  distinct  products  of  the  enamel-form'- 
mg  organ.  One  of  these  products,  from  which  the  enamel  rods 
are  bmlt  up,  is  formed  by  the  ameloblasts,  and  is  probably 
direct  nuclear  formation.  In  the  enamel  cells  it  takes  the  shape 
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of  globular  bodies  containing  granules,  sometimes  arranged 
with  more  or  less  order,  so  as  to  resemble  the  nucleus  of  the  cell. 
In  the  formed  enamel  rod  these  globular  bodies  are,  more  or 
less,  compressed  into  disc-like  •  shapes,  and  are  sometimes 
nearly,  or  quite,  melted  into  one  another.  Simultaneously  or 
alternately  with  the  deposit  of  the  globular  bodies,  a  trans- 


Fig.  226. — Section  of  mature  enamel,  shewing  calcified  cytoplasmic  .network 
at   A    B.    and  c.      Magnified    1,500  times.      Photomicrograjsh  by 
Leon  Williams.    Compare  Fig.  224. 

lucent  albumen-like  appearing  substance  is  seen  passing  out 
of  the  ameloblasts.  -This  substance  is  probably  taken  from  the 
blood  by  the  secreting  cells  of  the  stratum,  intermedin iii^  and 
evidently  contains  the  mineral  matter  of  which  the  com- 
pleted enamel  consists.  As  the  globular  bodies  pass  from 
the  ameloblasts  they  are  seen  to  be  connected  by  plasmic 
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Strings,  which  strings  can  often  be  plainly  seen  in  the  body  of 
the  ameloblasts.  The  globular  bodies  are  often  connected 
laterally  by  strings  or  projecting  processes.  Around  the 
skeleton  thus  formed,  which  constitutes  the  real  structure  of 
enamel,  the  albumen-like  substance  flows,  supplying  the 
cement' substance,  and  probably  the  mineral  matter  for  the 
calcification  of-  the  whole.  All  of  this  structure  can  be 
plainly  seen  in  mature  enamel;  but  in  normal  enamel  it  is 
everywhere  completely  calcified,  and  contains  no  trace  of 
organic  matter." 

To  sum  up:— The  theories  may  be  classified  under  four 

distinct  headings  : — 

(1)  Enamel  rods  are  produced  by  conversion  or  trans- 

formation in  situ  of  the  ameloblasts.— (John  Tomes, 
Waldeyer,  Kolliker,  &:c,) 

(2)  Enamel  rods  are  produced  by  excretion  or  secretion, 

from  the  ameloblasts  (Charles  Tomes,  Leon  Wil- 
liams, Sudduth,  Andrews,  Schafer,  &c.) 

(3)  Enamel  rods  are  produced  by  growth  of  the  amelo- 
blasts at  the  end  next  to  the  formed  enamel,  and  the 
new  growth  in  the  younger  part  is  calcified  as  soon 
as  it  is  formed  (Schwann). 

(4)  Enamel  rods  are  produced  by  the  dentine,  from  an 
exudation  furnished  by  the  dentinal  canals.  (Men- 
tioned by  Kolliker,  op.  cit.  p.  306). 

In  the  light  of  recent  research  and  modern  microscopical 
methods,  the  last-named  is  obviously  unscientific  and  incorrect. 

The  established  facts  that  require  no  controversion  about 
this  intricate  matter  are  quite  clear,  and  seem  to  be  that  tlie 
layer  of  formed  but  uncalcified  developing  enamel  is  outside 
the  main  body  of  the  ameloblasts ;  that  it  has  Tomes' pro- 
cesses penetrating  it  at  regular  intervals  ;  that  it  is  produced 
pari  passu  with  the  first  layer  of  uncalcified  dentine  against 
which  it  is  applied  ;  that  it  is  at  first  formed  and  afterwards 
calcified  ;  that  it  stains  deeply  with  osmic  acid  ;  and  that  it 
chemically  resembles  keratin,  inasmuch  as  it  offers  great 
resistance  to  destruction  by  any  of  the  mineral  acids. 
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DEVELOPMENT    OF    THE  DENTINE 

Researches  as  to  the  methods  of  formation,  calcification, 
and  the  growth  of  dentine  are  not  so  beset  with  the  in- 
numerable difficulties  attending  like  investigations  with 
regard  to  the  enamel.  Though  the  first  genesis  of  this 
tissue  occurs  at  a  period  of  time  slightly  antecedent  to  that  of 
enamel,  the  fact  of  its  continuance  after  the  disappearance  of 
the  enamel  organ  is  completed,  and  the  part  it  plays  in  the 


Fi"  227  —To  shew  the  process  of  calcification  of  human  dentine.  Regu- 
"  larly-ananged   tubules  traverse  the  matrix,  the  sheaths  of  Neumann 
being  indistinct,  till  they  cross  one  of  the  calcospherites  in  which  calcium 
salts  are  being  deposited.    Here  they  appear  as  black  lines.    From  a 
section  in  the  possession  of  A.  W.  W.  Baker,  of  a  tooth  erupted  at 

birth. 

production  of  the  roots  of  teeth,  with  or  without  persistently- 
growing  pulps,  as  a  physiological  process,  make  investigation 
easier  It  must  likewise  be  remembered  that  certain  patho- 
logical conditions  of  the  pulp  {^.v.)  in  which  calcareous 
(dentinal)  masses  are  developed-pulp  nodules,  adventitious 
dentine,  &c.-are  of  fairly  common  occurrence.  Added  to 
this,  also,  must  be  the  fact  that  opportunities  sometimes  arise 
of  observing  the  manner  of  growth  of  dentine  in  odontomes 
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where  the  fibrous  tissue  capsule  is  still  in  normal  anatomical 
relationship  with  the  hard  parts.    (See  Chapter  XXIII). 

Hence  it  follows  that  recent  discoveries  have  a  'tendency 
to  prove  the  fallaciousness  of  the  tenets  maintained  by 
Waldeyer  in  1870,  and  also  held  by  Boll,  Beale  and  others, 
and  that,  in  a  word,  dentine  formation  proceeds  on  somewhat 
similar  lines  to  those  which  obtain  in  intra-membranous 
ossification  of  bone.  These  lines  are  not  quite  identical, 
inasmuch  as  the  so-called  odontoblast  cells  possess  persistent 
processes,  and  do  not  become  encapsuled  as  is  the  fashion 
with  osteoblasts. 

Since  1889  the  author  has  never  held  the  view,  which  had 
been  originally  formulated  by  Waldeyer,^  that  odontoblasts 
form  matrix,  sheath  of  Neumann,  and  dentinal  fibril  ;  and 
Howard  Mummery  following  up  and  amplifying  the  work 
of  von  Ebner  in  tracing  throughout  the  pulp  a  fine  connec- 
tive tissue  stroma  which  is  continuous  with  that  in  the 
dentine  matrix,  has  unconsciously,  perhaps,  but  none  the 
less  certainly,  corroborated  this  hypothesis. 

Thus  there  is  now  established,  with  a  probably  great 
degree  of  accuracy,  the  opinion  that  dentine  is  a  product  of 
certain  round  cells  of  the  pulp  of  an  osteoblastic  nature, 
whose  function  it  is  to  abstract  lime  salts  or  carbon  dioxide, 
from  the  vessels  of  the  pulp  and  lay  down  matrix  as  a  con- 
tinuous sheet  of  formed  material  on  the  periphery  of  that 
organ.  This  is  found  in  the  teeth  of  man,  as  well  as  fish, 
(vaso-dentines). 

Howard  Mummery's  paper,  Philosop.  Trans.  Royal  Soc.  of 
London,No\.  182,  pp.  527-545,  entitled  "Some  Points  in  the 
Structure  and  Development  of  Dentine,"  should  be  perused 
by  all  interested  in  the  matter.    Here  it  need  only  be  said 
that  his  summaries  point  to  the  opinions  that  :— 

(i)  The  mode  of  development  of  hard  dentine  presents  a 
strong  analogy  to  the   development   of  bone  in' 
membrane. 

SoV'vorrirt63°i'8-o'^^'''^  Histology,"  Strieker's  "Handbook;"  Sydenham, 
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(ii)  In    human   dentine  trabeculae  are    seen  shooting 

inwards  into  the  .pulp  from  the  surface  of  the 
forming  dentine;  these  trabcculze  sometimes  ex- 
hibiting "an  appearance  as  if  stiffened  by  the 
deposit  of  lime  salts  in  advance  of  the  general  line 
of  calcification,"  and  being  continuous  with  the 
connective  tissue  fibres  of  the  pulp. 

(iii)  The  fibres  and  trabeculae  are  covered  with  cells 
which  in  many  parts  thickly  clothe  them,  and  have 
similar  functions  to  osteoblasts.  "  Smaller  cells  are 
intimately  associated  with  the  odontoblasts  proper, 
the  latter  cells  being  also  involved  in  the  connec- 
tive tissue  stroma  in  continuity  with  the  dentine, 
and,  according  to  the  view  which,  under  the  cir- 
cumstances, seems  most  reasonable,  these  cells 
together  secrete  a  material  which  calcifies  along 
the  lines  of  the  odontogenic  fibres."  (See  Figs.  35, 
36,  37.  38,  39.  and  40). 

Most  histologist§  accept  this  explanation  of  the  calcifica- 
tion of  dentine  ;  a  few,  however,  still  retain  the  older  opinion. 
Thus  Carl  Huber,  in  "  A  Text-book  of  Histology,"  by  A.  A. 
Bohm,  M.  von  Davidoff,  and  C.  Huber,  igoo,  writes  on  page 
2 1 8  : — "  The  dentine  is  developed  by  the  odontoblasts  by  a  pro- 
cess analogous  to  that  observed  in  the  formation  of  bone  by  the 
osteoblasts.  These  epitheloid  cells  secrete,  at  their  outer  sur- 
faces, a  homogeneous  substance  which  fuses  to  form  a.  con- 
tinuous layer — the  iiieinhrana  preformativa.  .  The  further 
development  of  the  dentine  is  as  follows:  — Its  ground  sub- 
stance is  deposited  at  the  cost  of  the  lateral  portions  of  the 
odontoblasts  (under  the  iiiemhrana  prefovmativa),  the  axial  por- 
tions of  the  cells  remaining  intact,  as  the  dentinal  fibres  ;  the 
basal  portions  of  the  cells  containing  the  nuclei  persist,  later 
constituting  the  odontoblasts  of  the  adult  pulp.  By  the  fusion 
of  the  segments  of  the  ground  substance  formed  by  each  cell  it 
becomes  a  homogeneous  mass,  but  soon  displays  connective 
tissue  fibrils  which  gradually  undergo  a  process  of  calcification. 
The  inemhrann  prefonnativa  has  no  fibres,  and  calcifies  much 
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later.  It  lies  immediately  beneath  the  enamel  or  cementum, 
and  in  the  normal  tooth  always  contains  small  inter-globular 
spaces.  In  the  adult  tooth,  this  membrane  in  its  entirety  is 
known  as  Tomes'  granular  layer."  In  the  light  of  recent  re- 
search these  views  are  quite  untenable. 

THE  GROWTH  OF  THE  DENTINE 

The  following  is  a  frccis  of  Aitchison  Robertson's  experi- 
ments and  observations  on  the  growth  of  dentine  in  the  per- 
manently-growing incisors  and  also  in  the  canine  teeth  of  rab- 
bits and  cats.  They  were  undertaken  to  determine  whether  this 
tissue  increased  in  size  by  interstitial  growth  or  not ;  and  the 
subjoined  Tables  of  measurements  and  their  summaries  are 
exceedingly  instructive.  (See  Trans.  Roy.  Soc.  Edinburgh, 
Vol.  xxxvi). 

METHOD  OF  INVESTIGATION 

"  For  the  purposes  of  this  inquiry  the  lower  incisor  teeth  of 
the  rabbit  were  chosen,  for  these  teeth  grow  from  persistent 
pulps  and  are  therefore  never  shed.  To  observe  their  condi- 
tion at  different  stages  of  growth  they  were  examined  in  (i)  a 
rabbit  newly  born  ;  (2)  in  a  rabbit  one  month  old  ;  and  (3)  in 
an  adult  animal.  These  teeth,  while  still  in  situ  in  the  lower 
jaw,  were  decalcified  and  sections  made  in  an  antero-posterior 
direction  parallel  to  their  long  axis.  The  sections  from  the 
very  centre  of  each  tooth  were  alone  used  for  measurement, 
as  they  contained  the  largest  pulp  cavity  and  went  directly 
through  the  centre  of  the  crown.  These  teeth,  as  they  are 
worn  down  in  front,  are  always  being  added  to  from  behind 
and  thus  pushed  forwards.  The  enamel  is  only  found  on  the 
anterior  and  lateral  surfaces,  and  is  always  thickest  in  the 
former  position,  where  also  the  dentine  is  harder.  Conse- 
quently, as  the  crown  of  the  tooth  is  worn  down,  the  anterior 
part,  being  harder,  is  not  worn  so  fast,  and  thus  the  tooth 
becomes  chisel-shaped* 
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Measurements  of  l,o\vei-  Incisor  Teeth  in  Rabbits 




Newly-born. 

One  Month  Old, 

Adult. 

Total  length  of  tooth  . . 

J  inch  o'2 

J  inch  0-5 

inch  i'i2 

Greatest  length  of  pulp 
cavity  . . 

1 

1! 

,>  0-17 

iVti    '>  o'43 

I    „  i-o 

Greatest  breadth  of  pulp 
cavity  

1 

;<o 

0'033 

ss    .1  0-04 

i\    »  o'073 

Thickness  of  dentine  at 

niiddlf*  r\f  fnr\fli 

„  0-0063 

-jV     ,,  0'024 

iVfi    ,1  0-044 

Greatest   thickness  of 
dentine  at  crown 

,,  0'02 

t'„    „  o'oS 

A  0-12 

Diameter    of  dentinal 
tubules  at  origin 

1 

,,  0-0000416 

2jmrF    >,  0-0000416 

iiorm    II  O'ooo04i6 

Width  of  intertubular 
dentine  

innn 

„  0-000125 

(linn  0-000165 

nnnn    11     0  "000 1 65 

Character   of  dentinal 
tubules  

Run    obliquely  in 
straight  lines  ;  no 
branches;  slightly 
wider  near  origin. 

Wavy  course ;  not 
branched. 

Wavj'  course ;  many 
branches. 

The  results  of  this  table  may  be  summarized  as  follow : — 

1.  The  fact  of  the  great  increase  in  length  of  the  tooth  is 
evident,  it  being  six  times  longer  in  the  adult  than  in  the 
newly-born  rabbit. 

2.  The  pulp  cavity  increases  in  length  in  the  same  pro- 
portion. 

3.  The  width  of  the  pulp  cavity  increases  in  a  progressive 
manner. 

4.  The  thickness  of  dentine  at  the  middle  of  the  tooth  and 
also  at  the  crown  increases  nearly  six  times. 

5.  The  diameter  of  the  dentinal  tubules  at  the  proximal  end 
remains  the  same  at  each  stage  of  growth.  They  are  all 
slightly  larger  at  their  origin  and  diminish  in  calibre  very 
gradually  as  they  are  traced  outwards. 

6.  The  dentinal  tubules  become  gradually  more  wavy  in 
their  course,  and  their  lateral  branches  become  evident  in 
the  adult  tooth. 

"The  odontoblasts  form  a  complete  lining  to  the  inner  sur- 
face of  the  dentine,  and  thus  form,  as  it  were,  a  bag  enclosing 
the  pulp  and  having  its  mouth  at  the  inlet  of  the  pulp  cavity. 
Dr.  Haycraft  suggested  that  the  ring  pf  odontoblasts  which 
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forms  the  mouth  of  this  bag  might  fitly  be  called  the  '  forma- 
tive ring,"  because  it  is  apparently  here  that  new  dentine  is 
constantly  being  formed.  The  new  dentine  pushes  upwards 
that  previously  formed,  which  carries  with  it  the  odontoblasts 
attached  to  its  inner  surface  by  the  dentinal  fibrils.  The 
odontoblasts  which  once  composed  the  'formative  ring' 
are  therefore  carried  up  by  the  rising  dentine,  for  as  soon  as 
each  has  deposited  a  little  dentine  at  the  extreme  base  of  the 
tooth,  it  becomes  fixed  as  a  permanent  odontoblast  and  is 
afterwards  lifted  up.  Fresh  cells  are  continually  growing 
below  those  engaged  in  the  production  of  dentine,  and  thus 
the  existence  of  the  'formative  ring'  is  continued.  From 
whence  do  these  new  cells  arise  ?  Are  they  derived  from 
odontoblasts,  or  are  they  derived  from  the  connective  tissue 
cells  of  the  pulp  ?  Dr.  Robertson  inclines  to  the  belief  that 
they  arise  from  the  pulp  cells.  '  If  we  trace  the  layer  of 
odontoblasts,  we  find  that  as  the  dentine  becomes  thinner  so 
the  size  of  the  dentine-forming  cells  decreases,  till  at  the 
lower  limit  of  the  dentine  they  are  small  spindle-shaped  cells 
attached  to  the  dentine  by  their  distal  processes.  Even  below 
the  extreme  limit  of  the  dentine  we  can  still  follow  the 
line  of  odontoblasts  downwards  as  a  layer  of  fusiform  con- 
nective tissue  cells,  gradually  become  smaller  till  they  fade 
imperceptibly  into  the  pulp  tissue.  There  is  no  line  of 
demarcation  between  them  and  the  ordinary  small  round 
cells  of  the  pulp.' 

"  The  question  now  is.  How  are  we  to  explain  how  the  tooth 
has  increased  so  much  in  size?  There  appear  to  be  four 
processes  all  at  work  at  the  same  time  in  the  growing 
tooth.    These  processes  are  : — 

(i)  Increase  in  length  of  the  tooth  by  an  addition  of 
new  dentine  at  the  lower  end  of  the  fang.  This 
addition  more  than  compensates  for  the  loss  caused 
by  the  grinding  down  of  its  crown.  In  adult  age, 
the  growth  of  new  dentine  and  the  wearing  down 
balance  one  another,  and  the  tooth  therefore 
remains  of  constant  length. 
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(ii)  Increase  in  width  of  the  tooth  by  the  gradual  widen- 
ing of  the  "  formative  ring." 

(iii)  A  slight  interstitial  increase  in  the  dentine,  causing 

the  formation  of  an  increased  amount  of  matrix 
between  the  tubules.  This  interstitial  increase 
appears  only  to  occur  in  the  very  young  tooth. 

(iv)  As  the  tooth  grows,  new  layers  of  dentine  are  de- 

posited on  the  inner  surface  of  the  already  existing 
dentine.  This  deposit  is  probably  due  to  the 
influence  of  odontoblasts,  since  they  are  concerned 
in  the  production  of  dentine  from  the  beginning. 

"  As  the  entire  tooth  is  pushed  onwards  by  the  growth  of 
new  dentine  at  its  lower  end,  the  crown  is  continually  being 
worn  down  in  grinding.  The  upper  end  of  the  pulp  cavity  is 
very  narrow  and  contracted,  owing  to  the  large  amount  of 
dentine  which  has  accumulated  on  its  surface,  for  in  this 
situation  the  dentine  is  of  oldest  date  and  so  is  thickest.  .Un- 
less provision  were  made  to  prevent  it,  the  pulp  cavity 
would  soon  become  exposed  by  reason  of  the  grinding  down 
of  the  crown.  It  is  here,  however,  at  the  upper  part  of  the 
pulp  cavity,  that  the  dentine  reaches  its  maximum  thickness, 
and  so  reduces  the  diameter  of  the  pulp  cavity,  that 
it  persists  only  as  a  fine  channel  of  considerable  length 
leading  from  the  pulp  cavity  to  the  >free  surface  of  the 
tooth.  Osseous  tissue  is  developed  in  this  channel,  which, 
together  with  many  small  round  cells  and  capillaries,  pre- 
vents any  direct  communication  between  the  surface  of  the 
tooth  and  the  pulp.  No  odontoblasts  remain  in  this  con- 
necting channel ;  therefore,  since  the  dentinal  fibres  in  the* 
crown  of  dentine  have  lost  their  connection  with  nerves  the 
grinding  surface  of  the  rabbit's  incisor  has  lost  sensitivity. 
These  lamina-  of  bone  which  help  to  block  up  the  remains  of 
the  pulp-cavity  at  the  apex  of  the  tooth  may  be  part  of  the 
layer  of  cement  which,  in  the  persistently-growing  teeth  of 
many  animals,  covers  over  the  crown  of  the  tooth,  and  which 
may  when  worn  away  sink  into  the  almost  occluded  apex  of 
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the  pulp-cavity  cand  grow  there.  It  may,  however,  be 
developed  directly  from  the  tissue  of  the  pulp. 
•  "  In  the  adult  rabbit's  tooth,  then,  the  growth  of  dentine  at 
the  '  formative  ring,'  the  continual  deposition  of  new  dentine 
on  the  inner  surface  of  the  old,  and  the  extent  to  which  the 
tooth  is  worn  down  externally,  exactly  balance  one  another, 
and  thus  the  tooth  remains  of  the  same  size  throughout  life. 
In  the  5''0ung  growing  animal,  however,  the  first  two  of  these 
processes  exceeds  the  third,  and  so  the  tooth  grows  greatly 
in  length,  diameter,  and  thickness  of  dentine. 

"Having  seen  how  a  simple  conical  tooth  increases  in  size,  the 
next  question  which  naturally  arose  was.  How  do  flask-shaped 
teeth,  such  as  the  canine  tooth  of  a  cat,  increase  in  size  r 
To  answer  that  question,  the  canine  tooth  of  the  lower  jaw 
was  examined  in  (i)  a  newly-born  kitten  ;  (ii)  in  a  kitten  of 
one  month  old  ;  and  (iii)  in  the  adult  cat.  These  teeth  in 
the  cat,  as  in  all  carnwora,  are  shed  at  an  early  period  of 
existence.  This  introduces  a  slight  fallacy,  for  it  compels 
one  to  compare  deciduous  with  permanent  teeth. 


Measurements  of  Lower  Canine  Teeth  in  Cats 


Kewly-boru. 

One  Month  Old. 

Adult. 

Total  length  of  tooth  . . 

!  inch  o'ig6 

-ISS  inch  0-366 

f"a  inch  o'sg 

Greatest  length  of 
cavi  ty   . . 

."i  o-i8 

•A  0-32 

I     n  0-5 

Greatest  breadth  of  pulp 
cavity 

tItt  0-056 

■inn    >>  0-074 

2,-,     >.  c-04 

Thickness  of  dentine  at 
middle  of  tooth 

i/oo  .1  o'oo6 

saiT    i>  0-036 

7hi     >i  0-06 

Greatest  thickness  of 
dentine  at  crown 

„  o'oi66 

i-fili    1,  0*046 

inn    „  o-og 

Diameter    of  dentinal 
tubules  at  origin 

Width  of  Inlertubular 
dentine  

170.10  »  0*0000589 
■iiitt  0  0-000235 

ifniiii    11  o'oooosSg 
fhn    It  0*000235 

at  base  inch 
0.0000833 
at  crown  ^-'„,„y  inch 
0-00003  7 

at  ba.se  inch 

0-000235 
at  crown  inch 
0  000166 

is  table  shews  that  (i)  The  lower  canine  tooth  of  the 
adidt  cat  is  fully  three  times  as  long  as  it  is  in' the' 
newly-born  kitten. 
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(ii)  The  pulp  cavity  grows  longer  in  the  same  propor- 

tion. 

(iii)  As  regards  the  width  of  the  pulp  cavity,  it  seems 

first  to  increase  in  breadth,  but  in  the  adult  tooth 
the  breadth  is  less  than  in  the  newly-born  kitten. 

(iv)  At  the  middle  of  the  tooth  the  dentine  increases  to  a 

thickness  ten  times  greater  than  in  the  newly-born 
kitten  ;  while  at  the  crown  it  increases  to  about 
six  times. 

(v)  The  diameter  of  the  dentinal  tubules  was  the  same 

in  the  young  kittens.  In  the  adult  cat,  however, 
the  tubules  at  the  base  of  the  tooth  are  one-half 
larger  than  those  of  the  younger  cats  ;  but  near  the 
crown  their  diameter  decreases  greatly,  being  a 
half  less  than  in  the  younger  cats,  and  even  two- 
and-a-half  times  smaller  than  at  the  base  of  the 
same  adult  tooth. 

(vi)  The  width  of  the  intertubular  substance  remains  the 

same  in  the  canines  of  kittens  and  also  at  the  base 
of  the  adult  tooth.  At  the  crown  of  the  adult 
tooth,  however,  it  is  only  three-fourths  of  the 
breadth  of  what  it  is  at  the  root,  or  in  the  younger 
teeth. 

"  Before  describing  how  this  tooth  grows,  particular  attention 
must  first  be  directed  to  a  fact  on  which  the  importance  of 
this  inquiry  rests,  viz.,  this,  that  the  canine  tooth  of  young 
kittens  is  not  flask-shaped,  but  merely  conical,  resembling 
the  extinguisher  of  a  candle,  the  sides  sloping  downwards 
and  outwards  from  the  crown.  This  originally  conical  tooth 
increases  in  size  as  follows : 

(1)  By  the  gradual  dilatation  of  the  'formative  ring'  of 
cells  at  the  base  of  the  dentine  it  is  increased  in  diameter. 

(2)  It  is  increased  in  length  by  the  addition  of  new  dentine 
at  the  base  of  the  tooth  and  the  consequent  elevation  of  the 
whole  tooth.  This  also  is  due  to  the  action  of  the  formative 
ring. 

"  These  two  processes  go  on  simultaneously,  and  so  the  base 
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of  the  tooth  is  always  growing  larger  while  the  tooth  is  grow- 
ing in  length.  This  outward  extension  of  the  formative 
ring  of  odontoblasts  goes  on  till  a  maximum  is  reached. 
This  broadest  part  of  the  pulp  in  the  growing  tooth  of  the 
kitten  is  at  the  base,  while  in  the  adult  cat  it  remains  about 
the  middle  of  the  tooth.  Thus  in  the  newly-born  kitten  the 
broadest  diameter  of  the  pulp  cavity  was  at  the  base  of  the 
conical  tooth,  and  measured  0  056  inch.  In  the  kitten  one 
month  old,  the  basal  diameter  of  the  pulp  was  still  the 
greatest,  the  tooth  still  being  conical,  and  measured  0-074 
inch.  It  had  not  yet  become  flask-shaped,  but  about  this 
time  the  pulp  cavity  attains  its  greatest  breadth  and  after- 
wards diminishes.  The  elongation  of  the  tooth  still  continues, 
but  the  foriiiative  ring  now  gradually  contracts,  and  thus 
forms  an  inverted  basal  cone  and  so  leads  to  the  production 
of  the  flask.  The  narrowing  of  this  basal  ring  continues 
until  in  the  adult  it  becomes  a  small  ring  surrounding  the 
vessels  and  nerves  going  to  the  pulp.  The  elongation  of 
the  tooth  has  also  caused  its  broadest  part  to  be  situated 
about  midway  between  crown  and  base.  Thus  the  tooth  is 
made  up  of  two  cones  joined  at  their  bases,  the  '  crown-cone  ' 
being  formed  by  a  dilatation  of  the  'formative  ring '  and  the 
fang- cone  '  by  the  gradual  narrowing  of  the  ring. 
"  (3)  During  the  whole  time  that  the  tooth  is  growing  in 
length,  a  constant  deposition  of  new  dentine  is  taking  place 
on  the  inner  surface  of  the  old.  Thus  the  maximum  diameter 
of  the  pulp  cavity  in  the  young  tooth  becomes  lessened,  till, 
in  the  adult,  the  original  pulp  cavity  is  much  reduced  in  size 
compared  with  its  width  in  the  newly- born  kitten.  .  Having 
reached  this  stage  the  processes  of  growth  cease,  and  thus  a 
typical  flask-shaped  tooth  is  produced.  We  see  now  how  the 
apparent  anomaly  regarding  the  width  of  the  pulp  cavity 
arises.  From  the  table  we  find  that  the  width  of  this  cavity 
is  less  in  the  adult  tooth  than  it  is  in  the  new-born  kitten. 
This  is  due  to  the  large  deposit  of  new  dentine  on  the  inner 
surface  of  the  old  causing  such  a  narrowing  of  the  pulp  cavity 
that  the  above  condition  is  produced. 
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"  (4)  It  is  also  shewn  that  there  has  been  an  interstitial 
change.  The  dentinal  tubules  are  smaller  and  closer  together 
near  the  crown  of  the  adult  tooth  than  near  the  base.  At  the 
base  the  amount  of  intertubular  dentine  remains  the  same  as 
it  is  in  the  younger  cat's  tooth,  though  the  tubules  themselves 
are  a  good  deal  larger  in  diameter  than  in  the  earlier  con- 
ditions. 

"  Regarding  fang-formation,  we  have  seen  how  a  single 
rooted  tooth,  as  the  canine,  is  developed  by  the  gradual 
narrowing  of  the  basal  dentine-forming  ring.  If,  however, 
this  formaiive  ring,  having  reached  its  maximum  dila- 
tation, becomes  constricted  at  two  opposite  points  till 
these  meet  like  a  figure-of-eight,  then  two  smaller 
formative  rings  are  produced.  If  these  both  go  on  forming 
dentine  and  diverging  from  one  another,  we  have  two  '  fang- 
cones '  produced,  springing  from  one  body  and  giving  us  a 
double  rooted  tooth.  In  a  similar  manner,  if  the  formative 
ring  becomes  sub-divided  into  three  or  four  rings,  we 
have  a  three  or  four  rooted  tooth  resulting.  The  tooth 
follicles  themselves,  even  of  the  molar  teeth,  are  quite 
simple  and  show  no  indication  of  roots.  It  is  only  after  the 
body  of  the  tooth  has  been  completed  that  the  roots  are 
produced.  . 

"This  inquiry  shews  that  the  growth  of  a  tooth  is  only  to  a 
very  slight  extent  interstitial.  Interstitial  growth  is  seen  in 
the  incisor  tooth  of  the  rabbit,  where  the  dentinal  tubules 
become  further  separated  by  an  increase  of  dentinal  matrix, 
but  this  appears  to  take  place  only  in  the  young  tooth.  Pro- 
bably it  causes  a  slight  increase  in  the  size  of  the  rabbit's 
tooth.  In  the  cat,  however,  it  does  not  cause  any  increase  in 
the  size  of  the  tooth,  the  width  of  the  intertubular  substance 
remains  the  same.  It  is  only  in  the  upper  part  of  the  adult 
tooth  that  the  tubules  are  smaller  and  more  closely 
packed.  All  we  can  affirm  in  this  case  is  that  the  interstitial 
increase  of  the  matrix  simply  encroaches  on  the  size  of  the 
tubules  and  so  does  not  cause  any  increase  in  the  size  of  the 
tooth. 
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Examiuation  of  the  Teeth  of  Young  Babbits  fed  on  Madder 

While  working  at  this  subject  Professor  Haycraft  gave 
Dr.  Robertson  the  teeth  of  three  young  rabbits  which  had 
been  fed  on  madder  for  a  fortnight.  He  carefully  examined 
these,  as  he  thought  they  might  throw  some  light  on  the  tnode 
of  growth  in  teeth. 

I.  The  first  rabbit  was  killed  after  being  fed  on  .madder 
for  two  weeks.  All  the  stained  part  of  the  tooth  is  that 
produced  while  the  madder  was  added  to  the  food.  In  the 
section  this  staining  reached  the  very  crown  of  the  tooth,  but 
only  at  the  centre.  This  clearly  demonstrates  that  there  is  a 
constant  deposit  of  new  dentine  on  the  inner  surface  of  the 
old.  At  the  apex  of  the  pulp  cavity  the  colour  is  deepest,  for 
most  of  ihe  new  dentine  was  deposited  in  that  situation.  It 
is  also  seen  that  there  is  a  narrow  band  of  stained  dentine 
which  immediately  surrounds  the  pulp.  These  teeth  also 
shew  that  the  incisor  teeth  increase  in  length  much  more 
rapidly  than  the  molars  ;  for,  while  the  incisor  is  stained  in 
three-fourths  of  its  length,  the  premolar  is  stained  in  only  half 
its  length. 

II.  The  second  rabbit  was  fed  for  two  weeks  on  madder 
and  then  on  ordinary  food  for  a  similar  period.  The  lower 
part  of  the  incisor  tooth,  and  also  a  narrow  strip  of  dentine 
surrounding  the  pulp  cavity  and  extending  up  to  the  grinding 
surface,  is  now  unstained.  This  is  all  new  dentine,  formed 
during  the  last  two  weeks  of  the  animal's  life.  In  the 
premolar  the  axial  staining  is  hardly  yet -worn  away.  The 
deeper  staining  of  the  dentine  on  the  concavity  of  the  incisor 
may  be  due  to  the  more  rapid  growth  which  there  is  in  this 
situation,  and  the  greater  consequent  absorption  of  the  circu- 
lating stain. 

III.  The  third  rabbit  was  also  fed  on  madder  for  two 
weeks,  then  on  ordinary  food  for  three  weeks.  The  teeth 
shew  merely  a  further  development  of  what  No.  II.  did. 
These  madder-stained  teeth  corroborate  entirely  the  explana- 
tion of  the  growth  of  the  dentine  which  has  been  already  given. 
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The  results  of  this  investigation  into  the  growth  of  teeth 
may  be  thus  summarised.    There  is— 

(1)  Increase  in  the  length  of  the  tooth  by  addition  of  new 
dentine  at  its  base. 

(2)  Increase  of  diameter  by  dilatation  of  the  basal  formative 
ring.  In  the  case  of  teeth  with  fangs,  these  are  produced  by 
the  gradual  contraction  of  this  ring  with  or  without  sub- 
division. 


Fig.  228. — To  shew  an  early  stai^e  m  calcilicalion  ol  ceiiieutum,  Maguilied 
500  times.    A,  Granular  layer  of  Tomes  partly  calcified ;  b.  Young 
cementum.    Photomicrograph  by  Norman  Broomell. 


(3)  Deposit  of  new  dentine  on  the  inner  surface  of  the 
old. 

(4)  A  slight  increase  in  the  matrix  of  the  dentine  by 
interstitial  growth. 

DEVELOPMENT  OF  THE  CEMENTUM 

Of  this  there  need  be  but  little  said;  mere  repetition  of 
descriptions  of  jjhenomena  which  are  probably  now  under- 
stood with  the  greatest  certainty,  is  needless.    Suffice  it  to 
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say,  that  there  is  every  reason  to  believe  that  cementum  is 
developed  ordinarily  after  the  manner  of  intramembranous 
ossification  of  bone.  AVhere  thick  layers  of  the  tissue  exist 
over  the  crowns  of  teeth,  Magitot's  opinion  that  develop- 
ment and  ossification  in  a  cement  organ  of  fibro-cartilaginous 
character  is  most  probably  accurate. 


Fig.  229.— From  region  of  first  maxillary  deciduous   incisor.  Magnified 
30  times.    For  description  of  this  and  following  figures,  see  Tables  A. 
and  B.  on  pp.  289  and  290. 

THE    STAGES    OF    DEVELOPMENT  01?    THE    JAAVS    AND    TEETH    IN  A 
HUMAN  EMBRYO  OF  HALF-TERM 

For  the  purposes  of  investigation,  and  in  order  to  put  on 
record  a  careful  account  of  the  degrees  of  development 
arrived  at,  at  a  certain  period  of  growth,  the  right  half  of  the 
upper  jaw  of  a  human  foetus  of  about  20  to  25  weeks  was 
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employed.  This  was  apparently  absolutely  normal,  and,  as 
far  cis  could  be  ascertained,  believed  to  be  unaffected  by 
rachitis,  syphilis,  &c. 

The  jaw  was  subdivided  into  seven  sections,  beginning: 
at  the  front,  in  a  sagittal,  and  behind,  in  a  coronal  direction, 
and  included  the  following  regions,  enclosing  deciduous 
teeth:— I,  first   incisor;    2,  second  incisor;    3,   canine;  4, 


Fi^.  230. — From  region  of  second  incisor  as  in  preceding  figure.  Magnified 
30  times,    p.z.  Permanent  tooth-germ;   e.p.  Epithelial  ''Pearl"  or 

"  Gland  of  Serres." 


anterior  molar ;  5  and  6,  posterior  molar,  and  7,  behind  the 
posterior  molar,  near  the  maxillary  tuberosity.'  The  latter 
shewed  no  dental  structures  whatsoever.  (The  figures  at  the 
heads  of  the  following  columns  indicate  these  various 
regions.    See  pp.  289  and  290). 

Carefully  decalcified  and  embedded  in  parafiin,  the  tissue 
was  cut  serially,  and  typical  mesial  vertical  sections  selected 
for  pictorially  and  verbally  illustrating  the  phases  of  devel- 
opment.   It  will  be  observed   that  in  consequence  of  the 


DEVELOPMENT  OF  TEETH  IN  MAMMALIA  289 


o 


o 
"A 


o 


ft 


1 

03 

-ago 
13)  ci  o 
o  J2 

^  ^  4-t 

O  u 

..5  s 


v.  2 


ft 

Qli 


o 


ft 
o 


be 


h 

rt  o 
tQ  o 

III 

out 

t  p-g 

^  o  bo 


3  u 


I  a 


■a 


o  ft 
ft 


^1  tfl 


o  q 


ft 


ft 


■3      O  11  o 


■S 


^  ftC 


•d 

pq  o 


3  -u  XI 


re  3  >>-;3 


<  5  ftf 


ft 


5  c  2 
o  lu  3 
O  3"-> 
■>-• 

S  3 
£0  c 

^  r1 


^  IP.  U 

■r-  a  a 


9  Si! 


ft*^  C 

3  O 
X  CA  d 


H  3 


-  o  . 

^  >^.^ 
a  ^ 

.3  O 


a 
W 


•-'  a 

'H  (LI 
4;  U 


ftC 
IS 

ft: 


a 


^  3  "d 


3  ° 


°  2 


bo 


3 
a 
3 

w 


bo 


bo 


■a 

CIS 
O 
u 


35 


C3  c/] 

O  3: 

'S  2 

3 


.t;  ft 
ftft 


°  ir. 
_ 

3  u 

B 

-O  ft 
B  ^ 

-  5 

Q 
o 


■d  u  11 
u  3'd 
ft  « 'r: 
o  —  5 


CO  '-^  •■  01 

ii;  ca  jj  t; 
o  5  ^  a 
5i2  bo 


2  bo 


52 


C  3 

o 


3  ^' 

p  lu 


h'd 


3 
00 

a  >, 


ft.ii'd 

B  3  . 

3j2 

■3 

SbftI 


ft 

B 

V 
^3 

I 


O 

U  eg 


bo 
3  J= 
3  ° 

go 
3-d 

O  3 
U  3 

O 


ft 

W 


o 
N 


3 

<U 

bo 
o 


B 
U3 


■d  o 
fto 


■ft;  <U 

bo  OJ 


o 


^90  DENTAL  HISTOLOGY 


I 


1^ 


I 


s 
y, 

None. 

in  in 

Depth  of  Apex 
of  Dentine  Pa- 
pilla from  free 
oral  surface 

'« 

IT) 

V 
O 

"A 

a; 

5 

p 

P  Ol 

Depth  of  Apex 
of  Dentine  Pa- 
pilla from  free 
oral  surface 
3'75 

m 
Vo 

■<r 

in  tn 
O  <~- 
o  O 

0 

to 

Vh  "in 

N 
*« 

in 

in 

o  >c 
O  b 

M  00 

b  b 

p 

M  "tN 

O  p 
CO  Vj 

OO 

in 

04 

b 

m  T 
b 

M 

■  ' 

u-j  in 

GO  « 
N  CM 

o 

p 

b  V. 

b  '-' 

H  M 

in 

oo 

*(M  M 

p 
to 

CI 

H 


V 

a 

w 


^  w 


si  ^ 


to 


"5" 


« 

u 

o 
"S 

a 

a 
c 
K 


O 


o. 


P 

o 

«  "2 


o;  tft  i- 

o  s 
£.111 


DEVELOPMENT  OF  TEETH  IN  MAMMALIA  29 1 

action  of  reagents  some  shrinkage  of  the  embryonic  dentine 
germ  has  taken  place.  To  prevent  tautology,  brief  tables 
only  need  here  be  introduced. 

THE  HISTOGENESIS  OF   OVARIAN  TEETH 
Not  much  is  known  as  to  the  development  of  those  anom- 


Fig.  231.— From  regif)n  of  canine,  as  in  preceding  figure.    Magnified  30 

times. 


alous  misshapen  dental  structures  found  in  the  o5phoronic 
cysts  of  the  human  ovary.  Bland-Sutton  has,  however,  ex- 
amined many  specimens.  These  are  fully  described  in  his 
"Tumours,  Innocent  and  Malignant,"   1901.    The  accom- 
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¥i".  23-^.— ]Mom  region  of  deciduous  second  molar,  as  in  preceding  fig 
'"  jNLngiiified  15  limes. 


Fig-  234- 


— From  posterior  portion  of  region  of  deciduous  second  molar 
as  in  preceding  figure.    Magnified  lo  timea. 
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panying  Fig.  235,  taken  by  permission  from  his  work,  shews 
the  component  parts  in  the  formation  of  a  tooth.  Cf.  the 
"  Epithelial  Pearl"  (k.p.),  with  the  same  bodies  in  Figs.  230 
and  232.  These  are  regarded  by  Bland-Sutton  as  enamel 
organs. 
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Fig.  235.— Composite  drawing  of   the    microscopical   appearances  in  a 
dermoid  cyst  of  the  ovary,  E,0.  Enamel  organ ;  D.i'.  Dentine  papilla ; 

K.p.  Epithelial  pear). 


CHAPTER  XIII 


DEVELOPMENT  OF  THE  TEETH  IN  PISCES,  REPTILIA 

AND  BAT  RAG  HI  A 

Microscopical  Elements  in  :  Developing  Teeth  of  (i)  Cod  ;  (u)  Dog- 
fish ;  (iii)  Crocodile  ;  (iv)  Lizard  ;  (v)  Snake  ;  and  (vi)  Newt. 

I 

In  Pisces 

Fishes  are  vertebrate  animals  which  live  in  water,  and  breathe  the  air  dis- 
solved in  the  water  by  means  of  gills  or  branchiie.  The  two-chambered  heart 
consists  of  a  ventricle  and  auricle  or  atrium.  The  limbs,  excepting  in  the 
Cyclostomata  and  Leptocardii  (which  are  apodal),  are  modified  into  fins,  sup- 
plemented by  unpaired  median  fins.  The  skin  is  either  naked,  scaly,  or 
covered  with  osseous  plates.    Fishes,  as  a  rule,  are  oviparous. 

The  class  of  Fishes  is  divided  into  3  sub-classes  and  9  orders. 

Sub-class  I.  Teleostei.  Skeleton  ossified,  with  completely  separated  ver- 
tebras. Heart  with  a  non-contractile  Bulbus  arteriosus  ;  intestine 
without  spiral  valve  ;  optic  nerves  decussating.  Orders  :  (i)  Acatiihop- 
terygii,  (ii)  Pharyngogtiathi,  (iii)  A7iacanthi7ii,  (iv)  Physostomi,  (v) 
Lophobranchii,  (vi)  PlectognaiJd. 

Sub-class  II.  Palaiichthyes.  Skeleton  either  cartilaginous  or  ossified. 
Heart  with  a  contractile  Conus  arteriosus  ;  intestine  with  a  spiral 
valve  ;  optic  nerves  non-  or  only  partially  decussating.  Order  :  (vii) 
Ganoidei,  (viii)  Gkondropierygii. 

Sub-class  III.  Cyclostomata.  Skeleton  cartilaginous  or  notochordal. 
Heart  without  Bulbous  arteriosus  ;  intestine  simple.  One  nasal  aper- 
ture only.  No  jaws  ;  no  limbs  ;  no  ribs;  suctorial  mouth  surrounded  by 
a  circular  lip.    Order  :  (i.\)  Gydostomaia. 

It  is  unnecessary,  in  a  work  of  this  character,  to  give  more 
than  a  brief  outline  of  the  manner  in  which  the  teeth  of 
Fishes  are  evolved.  The  simplicity  of  the  process  is  remark- 
able and  of  interest,  especially  when  the  development  and 
succession  of  teeth  in  Mammalia  have  been  studied. 
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Two  examples  need  only  be  here  detailed. 

One  occurs  in  the  Telcostet,  the  other  in  the  Pakcichthycs. 

In  Teleostei 

Exainp/e.— Order  '.  (iii)  Anacanthini.  Group  Gadid(B;m6:\w\- 
sion  Gadoidei  (Cod-fishes). 

The  simplest  arrangements  of  parts  are  well  exhibited  in 
the  jaws  of  young  Cod-fishes  of  about  10  cm.  body  length. 
Gadus  lusciis  may  be  taken  as  a  type. 

Under  low  powers  the  oral  epithelium  is  seen  to  be  noted 
for  its  depth  and  strength  ;  its  thickness  may  exceed  that  of 
the  sub-mucous  tissue.  The  free  surface  is  somewhat  thrown 
into  wrinkles  or  folds.  The  deeper  layer  of  cells  is  of  the 
usual  columnar  shape.  The  submucous  tissue  extends  into  the 
former  in  the  form  of  many  narrow  numerous  papillae. 

The  tooth  germs,  originating  de  novo,  are  developed  in  the 
tissue  which  fills  a  papilla,  which,  with  the  growth  of  the  germ, 
becomes  widened  and  flattened. 

Minute  structure  of  tooth  gerin— There  is  no  zahnleiste  and 
no  zahnwall.  An  ill-constituted  enamel  organ  exists,  the 
stellate  reticiilui>i  of  which  is  of  a  rudimentary  character, 
consisting  merely  of  strands  of  fibres;  no  cells  and  no  nuclei 
fill  the  inter-spaces.  The  ameloblasts  are  short  cylinders 
with  large  oval  nuclei  separated  from  a  well-defined 
stratum  internicdiurn  by  a  clear  narrow  zone. 

The  odontoblasts  are  prominent.  At  the  base  of  the 
dentine  germ,  the  mesoblast  cells  going  to  form  the  pulp  are 
sharply  differentiated  from  the  underlying  structures,  and  no 
dental  follicle,  as  such,  occurs.  The  odontoblasts  of  mature 
teeth  are  rounded  or  flattened,  adhering  closely  to  the  dentine, 
and  in  a  striking  way  resembling  osteoblasts.  They  are  not 
distinguishable  from  the  pulp  cells  in  any  other  particular  than 
their  position.  These  same  cells  in  younger  teeth  shew 
transitional  changes  from  these  round  forms  to  long  cylindrical 
cells,  whose  nuclei  are  not  particularly  marked. 
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In  the  Gadidce  [e.g.,  Gadus  Morrhud)  Rose'  describes  the 
odontoblasts  as  extraordinarily  long  and  thin  cells  in  the 
young  tooth  rudiments.  But  Fig.  3,  which  accompanies  his 
paper,  sh  ew5  the  cells  to  be  longest  and  thinnest  over  the 
deepest  base  of  the  dentine,  and  gradually  diminishing  in 
length  and  width  as  they  approach  the  cutting  edge. 

In  every  section  of  Gadtis  luscus  prepared  by  the 
writer  this  is  not  the  case.      The  cells  half-way  down  the 
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Fig.  236.— Vertical  section  through  jaw  of  a  young  cod  fish.  Prepared 
by  hardening  and  decalcification.    Stained  with  Ehrlich's  acid  hasma- 
toxylene.    Magnified  50  times.    o.T.  Oldest  tooth  germ  ;  o.  Odonto- 
blasts, in  several  layers,  at  base  of  tooth  ;  y.t.  Youngest  tooth  germ  ; 
O.K.  Oral  epithelium    B.  Bone  of  the  jaw. 

young  tooth  germs  are  the  largest,  those  at  the  oral  edge 
and  at  the  base  smaller  and  rounder,  till  at  the  extreme 
limit  of  the  developing  pulp,  they  are  fiat  and  scale-like  and 
adherent  to  the  dentine.  Inspection  of  the  photomicrograph, 
however,  at  first  sight  would  seem  to  indicate  that  Rose's 

'  "On  Uie  various  Alterations  of  the  Hard  Tissues  in  the  Lower  Vertebrate 
Anmials  Iranslated  from  the  Anatomischer  Anzziger,  in  the  Journal  Brit  Dent 
.<45soc.,  Jan.,  1899.  Pp.  31  and32. 
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description  is  correct.  But  the  appearances  here  produced 
are  due  to  several  layers  of  small  cells,  which  become  curiously 
congregated  in  this  way.  The  chief  point  is  that  the  nuclei 
are  in  no  sense  of  the  word  increased  or  elongated.  The 
section  is  rather  thick. 

In  structure  the  dentine  is  vitro-dentine,  according  to  Rose. 
(For  the  meaning  of  this  term  see  p.  122).  In  the  cases  just 
noted  it  (the  dentine)  possesses  no  canals,  scanty  tubes,  but 
faint  laminations.  The  tooth  germs  move  in  an  outward 
direction,  and  when  fully  completed  are  found  perched  on  the 
pedestal  of  bone  known  as  the  "  bone  of  attachment." 

In  PalcEuhthycs 

Example.— Ox^Qx,  Cliondropterygii ;  sub-order,  Plagiosto- 
mata;  family,  SelacJioidei :  division,  ScylliidcB  (Dogfish). 

Specimens  of  Scy Ilium  caiiiculum  afford  excellent  types  of 
the  genesis,  evolution  and  eruption  of  the  teeth. 

The  epithelium  of  the  mouth  is  not  flat,  as  in  Mammalia, 
but  is  beset  with  myriads  of  elevations  of  microscopic  size. 

The  outermost  layers  are  not  particularly  cornified. 

At  varying  distances  there  occur  on  the  outer  surface  of  the 
lip,  the  dermal  spines,  each  of  which  is  imbedded  by  means  of  a 
widened  broad  base  in  the  submucous  tissue.  In  some  places 
their  close  association  ca.uses  these  spines  to  become  imbri- 
cated. 

An  inspection  of  the  accompanying  photomicrograph  shews 
the  remarkable  analogy  between  the  teeth  and  these  placoid 
scales  or  dermoid  spines.  In  fact,  the  latter  ma)^  all  be  con- 
sidered modified  teeth,  diff"ering  chiefly  in  function  and 
position. 

In  addition  to  the  variation  in  their  positions,  these  spines 
are  modified  in  regard  to  shape,  size,  and  structure. 

In  form,  the  greater  number  which  cover  the  surface  of  the 
skin  of  the  animal  are  flattened  plates,  with  a  slightly  convex 
free  margin,  and  wedge-shaped  bases  securely  dovetailed 
into  the  firm  dermal  connective  tissue. 


^^S-  237. — Vertical  section  lliioUj:;!!  the  jaw  of  a  j'oung  dogfish.  Pre- 
pared by  hardening  and  decalcification.  Stained  with  borax-carmine 
and  Ehrlich's  acid  bajmatoxylene.  The  vertical  lines  are  markings  made 
by  a  dull  razor  during  cutting  on  an  ether-freezing  microtome.  Magni- 
fied 25  times.  C.  Cartilage  of  the  jaw,  with  semi-ossified  external 
crust;  D.E.  Epithelium  of  the  skin;  o.E.  Epithelium  of  the  mouth ; 
L.z.  Lowest  extent  of  the  tooth  band ;  D.i'.  Dentine  papilla  of  young 
tooth  germ  ;  F.'r.  Functional  tooth  ;  s.  Two  teeth  about  to  be  shed; 
P.S.  Pulp  tissue  in  centre  of  a  dermal  spine;  A.  Aperture  at  base  of 
dermal  spine  for  passage  of  blood-vessels  to  the  pulp. 
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On  the  edge  of  the  jaw  the  exposed  portion  becomes 
rounded  and  presents  a  fungiform  outline,  while  at  the  place 
of  inflexion  over  the  jaw  margin  it  assumes  the  appearance 
of  the  flattened  head  and  beak  of  a  bird.  In  size,  the  latter 
are  by  far  the  larger. 

In  structure,  each  spine,  similarly  to  each  dental  organ, 
possesses  a  central  pulp  chamber,  filled  with  abundant  round 
cells  and  a  fairly  well  organised  blood  system.  The  hard 
parts  contain  dentinal  tubes,  which  radiate  in  the  usual  way. 

The  epithelium  of  the  mouth  is  considerably  deeper  than 
that  of  the  skin,  and  extends  almost  to  the  base  of  the  tooth, 
for  here,  at  the  oral  border,  the  spines  become  teeth  in  func- 
tion, being  merely  transitional  in  structure.  It  embraces  the 
teeth  very  intimately.  An  aperture  at  the  side  of  the  base 
admits  the  passage  of  blood  vessels  to  the  pulp. 

The  zahnleiste  is  continuously  growing,  and  dips  down 
deeply  as  far  as  the  curved  recess  of  the  cartilaginous  frame- 
work of  the  jaw.  Here,  as  in  the  deepest  locality,  are  the 
youngest  teeth  germs.  This  zahnleiste  is  of  great  thickness, 
and  is  highly  specialised.  It  extends  as  a  broad  column  down 
the  side  of  the  jaw  cartilage,  and  in  it  are  the  developing 
teeth. 

In  the  dogfish  the  deepest  layer  of  the  tooth  band  pro- 
duces the  ameloblasts  as  in  other  creatures ;  and  the  next 
deepest  layer  of  cells  forms  what  must  be  analogous  with 
the  stratum  mtermedium  of  mammalian  enamel  organs. 

Throughout,  the  deepest  layer  is  composed  of  long  cylin- 
drical cells  closely  packed  together,  containing  oval  or 
flattened  granular  nuclei.  The  external  layer  is  very  short 
and  the  nuclei  are  correspondingly  abbreviated. 

By  counter-staining,  the  young  teeth  may  reveal  what  is 
probably  a  thin  superficial  band  of  enamel. 

The  dentine  and  the  pulps  of  the  teeth  are  developed  from 
the  connective  tissue.  The  cells  in  the  situation  of  the  future 
dentine  papilla  become  approximated,  and  in  the  pulps, 
while  still  retaining  their  rounded  forms,  can  be  easily  seen 
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to  deposit  ossific  material  on  the  sides  of  the  connective 
tissue  scaffolding  of  the  dentine. 

In  the  interspaces  of  the  developing  teeth,  the  deepest 
layer  is  arranged  like  a  loop. 

Thus,  enamel  organs  as  highly  specialised  as  in  Mammalia, 
are  non-existent  and  no  dental  follicles  surround  the  papillae. 

II 

In  Reptilia 

The  class  of  Reptiles  is  divided  into  the  following  orders  : — i.  Cf-ocodilia  ; 
\\.,  Rkync/iocep/ialia  ;  iii.,  Lacei-filia  j  iv.,  Ophidia ;  a.ndL  \.,  C/ielofiia. 
In  i.  (Crocodile,  Gavial,  Alligator)  the  teeth  are  implanted  in  sockets  ; 
in  ii.  (New  Zealand  Lizard  or  Spkcnodoti  pimctatus)  they  are  anky- 
losed  to  the  summits  of  the  jaws,  the  bone  at  their  bases  undergoing  a 
secondary  upgrowth  (hyperacrodont)%  but  are  soon  lost  by  attrition, 
their  functions  being  carried  on  by  the  dense  free  margins  of  the 
maxilla  and  mandible  ;  in  iii.  (Lizards)  they  are  ankylosed  and  non- 
socketed  ;  and  in  iv.  (Snakes)  the  same  ;  while  in  v.  (Turtles  and 
Tortoises)  they  are  absent. 

In  Crocodilia 

The  genesis  of  the  teeth  in  Crocodiles  resembles  in  a 
marked  degree  that  of  mammalian  animals.  An  exhaustive 
description  would  be,  in  the  main,  little  better  than  a  mere 
recapitulation  of  the  story.  Suffice  it  so  say  that  the  teeth 
succeed  vertically,  being  thecodont— contained  in  the 
same  socket.  Absorption  of  the  functional  tooth  by  its 
successor  takes  place,  owing,  no  doubt,  to  some  form  of 
absorbent  organ,  as  in  man.  It  is  interesting  to  compare 
photomicrographs  of  these  two  conditions.  (See  Figs.  212 
and  238). 

In  Lacertilia 

The  common  English  Green  Lizard  [L.  viridis)  may  be 
employed  as  a  type. 

The  chief  characteristics  are  the  great  length  of  the 
zahnleiste,  and  the  consequent  depth  of  the  enamel  organ 
and  dentine  germ.    As  far  as  the  maxilla  is  concerned,  ^the 

t,,,!  TtniX/i%t!r'rV'^'''7  "The  Development  of  the  Skeleton  of 

lilt  iimiera.      J  r«?)s. /oo/oj^fcai  .Soc,  Feb.,  1901. 
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Fig,  238, — Vertical  section  of  mandible  of  young  crocodile.    Prepared  bj- 
hardening  and  decalcification.      Stained   with    borax-carmine  and 
Ehrlich's  acid  hajmatoxylene.    Mafjnified  20  times.    D.  K.  Dentine  of 
functional  toot  Ii ;  d.s.  Dentine  of  successional  tootli ;  n.  Bone  of  jaw; 
M.  Mucous  gland. 
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whole  tooth  germ  is  placed  as  closely  as  possible  to  a 
concavity  in  the  upper  and  inner  surface  of  the  jaw  at  the 
base  of  the  functional  tooth. 

The  ameloblasts  are  considerably  elongated,  and  extend 
deeply  down  the  sides  of  the  dentine  germ.  The  layer  is 
continuous,  as  in  man,  with  the  external  epithelium.  There 
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Fig.  239. — Vertical  section  of  jaw  of  an  acrodont  lizard.    Prepared  as  in 
preceding  figure.    Magnified  25  times,    d.f.  Dentine  of  functional 
tooth;    D.p.s.  Dentine  papilla  of  successional  tooth  germ  ;    O.K.  Oral 
epithelium;  c.z.  Continuously-growing  tooth  band  ;  B.  Bone  of  jaw  to 
which  the  functional  tooth  is  ankylosed  ;  M.  Mucous  gland, 

is  no  stellate  reticiiluvi  in  the  otherwise  well-differentiated 
enamel  organ,  but  the  intermediate  space  is  occupied  by  a 
few  cells  with  elongated  nuclei.  Apparently  no  cells 
analogous  to  the  stratum  intermedium  exist. 

The  continuation  of  the  zahnleiste  is  in  a  line  with  the 
deep  part  of  the  external  epithelium  of  the  enamel  organ  of 
the  neighbouring  young  tooth  germs,  and  in  direct  conti- 
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nuity  with  the  deepest  layer  of  cells  of  the  original  tooth 
band. 

The  dentine  germ  is  made  up  of  a  dense  mass  of  oval 
cells,  which  at  the  periphery  are  somewhat  elongated. 

The  submucous  tissue  by  condensation  of  its  cells  and 
fibrous  tissue  produces  an  "  adventitious  capsule." 


Fig-.  240.— Vertical  section  of  jaw  of  snake.  Prepared  as  in  preceding 
figure.  Stained  with  Ehrlicl.'s  acid  lisematoxylene.  D,.  Dentine  of 
oldest  tooth  geim';  o.  Odontoblasts  of  the  dentine  papilla  of  the  same; 
D,_,.  Dentine  of  next  oldest  tooth  germ;  D.,,  D^,  n.,  Dentine  of 
younger  tooth  germs;  d„.  Dentine  of  youngest  tooth  germ  ;  k.  Bone 
of  jaw;  O.K.  Oral  epithelium ;  m.  Muscle  fibres. 

In  Ophidia 

The  bone  of  the  jaw  of  the  Common  or  Ringed  Snake 
[Tropidonoius  natrix)  is  somewhat  pyriform,  with  a  broad 
flattened  base.  The  functional  tooth  surmounts  this. 
Occupying  a  site  internal  to  the  bone,  the  young  tooth  germs 
are  found  very  closely  placed,  not  only  to  one  another,  but  to 
the  body  of  the  bone  itself. 

Typical    sections    shew   the    oldest  tooth  germs  to  be 
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triangular  in  outline,  while  the  developing  teeth  in  vertical 
sections  have,  as  a  rule,  a  circular  shape.  The  oldest  of  the 
developing  teeth  in  some  sections  presents  a  V-shaped  out- 
line. This  apparent  morphological  difference  is  due  to  the 
fact  that  the  circular  teeth  are  cut  transversely,  and  the 
others  obliquely,  lying  as  ihey  do  in  a  recumbent  or  semi- 
recumbent  position  before  they  assume  the  erect  attitude. 

The  great  part  of  the  tooth  is  composed  of  ortho-dentine. 
The  layer  of  odontoblasts  is  of  interest,  inasmuch  as  the 
cells  near  the  base  are  the  most  elongated  of  all,  those  at  the 
incisive  margin  being  small  and  round.  The  tooth  band  is 
very  short,  surrounding  each  germ.  It  is  of  continuous 
growth. 

The  oral  epithelium  differs  in  a  curious  fashion  from  that  of 
other  reptiles.  Here  it  consists  of  long,  narrow  cells,  which 
have  almost  the  appearance  of  ciliated  colunmar  cells.  There 
is  only  one  layer,  and  it  is  arranged  on  a  sort  of  basement 
membrane,  which  is  puckered  up  into  folds  after  the  fashion 
of  the  fungiform  papillae  of  the  tongue. 


Ill 

In  BatracJiia  (Frogs  and  Newts) 

These  animals  are  cold-blooded  vertebrates,  which  for  some,  or  the  whole, 
period  of  their  existence  breathe  by  gills,  and  in  adult  life  from  lungs. 
The  heart  is  tri-lobed,  having  two  ventricles  and  one  auricle.  Some  are 
ecaudate  and  apodal,  The  larva  is  fish-like  and  breathes  by  means  of 
g^Us,  which  later  on  are  replaced  by  lungs.  Some,  however,  retain 
then-  gills,  while  certain  frogs  leave  the  egg  in  a  perfect  form.  They 
may  be  oviparous  and  ovoviviparous. 

They  are  divided  into  the  following  orders  :— 

(i)  Ecaudafa-Yxoi%  and  Toads,  the  former  of  which  is  edentulous  as 
far  as  the  lower  jaw  is  concerned,  the  latter,  as  to  both  jaws. 

(ii)  CWaAj- Newts,  Salamanders,  &c. 

(iii)  Apodn,  or  Coecilians. 

The  palate  and  mandibular  bones  of  the  newt  [Molcrc 
vulgaris)^  are  extremely  thin  and  delicate.  In  the  median 
Ime,  at  its  innermost  margin,  the  palate  bones  are  thickest, 
the  intervening  portions  being  of  remarkable  tenuity. 
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Development  of  the  teeth  begins  in  the  oral  epithelium 
which  is  near  the  free  margins  of  the  bone,  by  a  down- 
growth  of  epithelium.  The  zahnleiste  is  shallow,  but  very- 
flat,  and  grows  continuously  towards  the  middle  line. 
The  oral  epithelium  possesses  several  characteristics. 
The  cells  are  exceedingly  brilliant,  being  almost  trans- 
parent in  nature,  that  is,  the  protoplasm  is  scarcely  granular. 
This  makes  the  large  oval  nuclei  particularly  prominent,  and 


Ficx   241.— Coronal  section  of  the  head  of  a  newt,  with  the  mandible 
detached  and  removed.    Prepared  similarly  to  the  preceding  figure. 
Magnified  15  times,    o.e.  Oral  epithelium;    f.t.  Functional  tooth ; 
K  O  Enamel  organ  of  young  tooth  band,  the  zahnleiste  bemg  contmued 
beyond  it  towards  the  centre  of  the  palate.    N.F.  Nasal  fossa. 

helps,  too,  to  reveal  the  spongioplasm  they  contain.  The 
phenomena  of  karyokinesis  may  be  well  studied  here.  The 
epithelial  layer  is  almost  twelve  cells  deep.  There  is  no 
cellular  differentiation  into  a  rete  Malpighii 

The  constituents  of  the  zahnleiste  are  flattened  bodies  with 
flat  nuclei,  and  they  lie  more  or  less  in  a  direction  which  is 
parallel  to  the  palate. 


DEVELOPMENT  OF  A-TYPAL  DENTINES  jO? 

In  a  typical  tooth  germ  which  is  beginning  to  assume  a 
definite  shape,  the  dentine  organ  is  occupied  with  an 
assemblage  of  large  elongated  cells  with  reticular  nuclei. 
The  dentine  is  formed  at  a  very  early  period  of  growth. ' 

Outside  this  hard  tissue  is  a  layer  of  smaller  rounder 
cells,  and  outside  this  is  a  second  layer,  separated  from  the 
former  by  a  clear  translucent  line  or  space. 

There  is  hardly  any  attempt  at  the  formation  of  an  enamel 
organ  ;  if  it  exists  at  all,  it  is  an  exceedingly  rudimentary 
structure. 

In  the  anterior  part  of  the  mouth,  the  two  inwardly- ex- 
tending tooth  bands  of  the  palate  meet  and  become  fused,  and 
form  a  continuous  uninterrupted  sheet  of  epithelium,  cut  off  on 
the  outer  side  from  the  oral  epithelium,  by  a  thin  band  of 
submucous  tissue,  whose  characteristics  are  small  narrow 
cells  imbedded  in  a  clear  matrix  scantily  supplied  with  fibres, 
and  forming  a  succession  of  young  teeth  placed  side  by  side 
on  the  thin  jaw  bone.  The  youngest  tooth  germs  are  in  the 
centre  of  this  band,  the  oldest  at  its  margin. 

DEVELOPMENT  OF  VASO-  AND  PLICI-DENTINE 


The  process  of  development  is  essentially  the  same  as  that 
described  in  connection  with  hard  or  orthodentine     v.  p.  274). 

It  is,  however,  somewhat  modified  by  the  fact  that  the 
odontoblasts  are  of  rounded  shape  like  osteoblasts  (Tomes), 
which  deposit  calcific  material  along  the  bundles  of  connec- 
tive tissue  fibres,  which  in  the  case  of  fishes  are  most  pro- 
nounced on  the  surface  of  the  pulp.  The  capillaries  remain  m 
siiu,  and  the  dentine  is  deposited  around  them,  leaving 
channels  in  the  dentine. 

With  regard  to  plici-dentine,  the  mode  of  formation  is 
identical,  but  the  capillaries  are  not  conserved  in  the  dentine. 

\n  Car  Chan' as,  as  Tomes  has  pointed  out,  the  organic 
matrix  of  the  outer  layer  (probably  enamel)  is  furnished  by  a 
specialized  layer  of  the  dentine  papilla,  and  over  this  are 
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amelobla.sts  of  enormous'  length.  They  may  measure  70// 
or  8d/i, 

PEVELOPMF.NT  OF  OSTEO-DENTINE 

The  surface.of  the  pulp  is  first  ossified  in  the  usual  way  by 
deposition  of  lime  salts  around  its  odontogenic  fibres. 
Thus  the  outer  sheath  of  hard  dentine  is  manufactured. 

The  bulk  of  the  tissue  is,  however,  developed  after  the 
manner  of  intra-membranous  ossification  of  bone;  that  is, 
rods  of  osseous  material  run  through  the  long  axis  of  the 
pulp,  being  continuous  externally  with  the  rest  of  the  great 
fasciculi  of  connective  tissue  fibres  which  freely  traverse  the 
central  soft  organ.  As  Tomes  says  [op.  cit.  p.  189) :  "  Osteo- 
blasts clothe,  like  an  epithelium^  the  trabeculae  and  the  fibres 
attached  to  them,  and  by  the  calcification  of  these  the  osteo- 
dentine  is  formed." 


